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TRANSLATOR'S   PREFACE 

Tbb  RideBpreod  interest  io  aaronautical  matters  at  the  present 
time  Ims  been  mainly  aroused  by  the  miccess  which  has  at 
length  rewarded  the  efforts  of  inventors  in  designing  air-ships 
and  flying -nsachiaes.  These,  althongh  veiy  far  from  perfect, 
can  at  leaat  be  maintained  aloft  for  long  periods  and  be  steered 
in  any  desired  direction,  repreaentiDg  a  great  advance  on 
anything  achieved  at  the  beginning  of  tbe  last  decade. 

Ifo  small  handbook  recording  the  history  and  development 
of  aerial  navigation,  and  presenting  a  sammary  of  the  state 
of  the  science  at  the  present  day,  hui  hitherto  been  available 
for  English  readers ;  when,  therefore,  Hr  Alexander,  the  well- 
known  authority  on  aeronantios.  suggested  to  the  writer  that 
he  should  uiidertake  the  translation  of  Major  Moedeheck's 
Pockd-Book  far  AermtauU,  he  was  glad  to  have  the  opportunilj 
of  bringing  before  the  English- speaking  public  this  com- 
prehensive risvml  of  the  whole  subject  of  Aeronautias. 

Major  Hoedebeck  and  his  collaboratois  treat  the  subject 
throughout  from  both  theoretical  and  practical  standpoints, 
and  have,  furthermore,  inoorporat«d  chapters  of  great  scientific 
interest  on  snch  subjects  as  the  physics  of  the  atmosphere, 
and  also  sections  giving  historical  anmmariee  of  the  advances 
of  the  separate  branches  of  aeronautics  from  tbe  earliest  times 
up  to  the  present  day. 

It  is  now  nearly  three  years  since  the  second  German  edition 
□f  the  pocket-book  was  pQblished.     Major  Moedebeck  and  hi* 


collaborators,  espeoially  Mr  Chamite,  luTe,  bowevw,  kindly 
ftaroialied  the  transistor  with  much  new  material  in  order 
that  this  edition  ma;  be  thoronghlj  np  to  data,  and  practically 
eoirespond  to  a  later  and  revised  edition  of  the  Oermon  work. 
The  traoBUtor  himself  hae  revised  and  groitly  amplified  the 
Appendix,  adapting  various  original  Tables  for  the  use  of 
English  readers,  and  adding  seTerel  new  Tables  for  the 
conversion  of  metric  nnita  into  English  units.  An  Index  has 
also  been  added. 

In  cODClasian,  the  translator  most  acknowledge  the  kind 
assistance  in  revising  various  sectioos  of  the  manuscript  or 
proofe  of  Lientenant  Westlond,  of  the  Royal  Engineers  (in 
connection  with  the  sectiona  relating  to  Military  Ballooning), 
Mr  W.  0.  Houston,  B.Sc.  (in  oounection  with  Chapter  XIV., 
to  which  he  contribated  •  new  section  on  Internal  Combostion 
Engines),  Messrs  F.  Unwin,  M.Sc.,  and  W.  H.  F.  Monioch, 
B.Sc,  A.H.I.E.E  ;  above  all  he  must,  however,  express  his 
deep  gratitude  to  Mr  J.  Stephenson,  B.Sc.,  A.R.C.S.,  of 
GordifT  Univeisity  College,  for  his  thoroogh  and  painstaking 
revimon  of  the  whole  of  the  proofs,  and  for  innnmerable 
valuable  suggeetions, 

W.  M.  V. 

RnmnsaH,  Jamiarg  IVfl. 
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AUTHOR'S    PEBFACE   TO   THE 
ENGLISH   EDITION 

DiB  sDglische  Auagabe  meinea  Taschenbucba  fiir  Flugtechniker 
Dud  Laftsohiffer  Ut  in  erster  Linie  den  Iwiden  bekumten 
Flugtechnikern  Hr  Patrick  Y.  Alezander,  in  Sontbsea 
(England),  onddem  IngenieurO,  Channte,  in  Chicago  (U,S,A.), 
10  verdanlen. 

Das  Baoh  stellt  eina  Systemailk  der  oeronaatiBcben  Wusan- 
Mbaften  Tor,  die  gnid«  jetzt  bei  dem  AabchwuDge  dieau 
Technik  jedem  IntereBsenten  ale  Basis  fiir  weiterea  {Sohatfan 
Ton  Nntzen  sein  wird.  Die  darin  entbaltene  Vielaeitigkeit 
der  technischen  Matarie  bat  die  Cbeisetznng  ins  Engliscbe  za 
einer  whr  leitranbenden,  Bchweirigen  Arbeit  gemacbt,  der 
Dr  Uanaergh  Varlej  mit  grosaem  Eifet  abgelegen  hat,  was  die 
latareBsanten  engliacber  Zauge  ihm  beeanders  weiden-  tu 
danken  babwi. 

Mir  und  meinen  verthen  Mitarbeiterii  wild  ea  eine  iMsondere 
OenugthDQDg  bieten  in  dem  weit  iiber  die  g&nze  Welt  Terbreiteten 
engUschen  Spraoligebiet  in  beacheidenem  Uasie  zur  Fordemag 
der  Aeronaatik  angeregt  nnd  mitgewirkt  zn  haben. 
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CHAPTER  I. 

ON     GASES. 

-THE  FKYSICAL  FBOFEBTIES   OF  OASES. 

Bt  Db  B.  EKDEN, 


g  1.  STSTEH  OF  MEASUBEHEKT  ASH  NOTATION. 

Tss.OVaaoJn  this  chapter,  lengtbB,  weights,  and  tdmes  will  be 
given  in  metres,  kiloeitunB,  and  seconds  raspectiTelj  ;  areas  in 
Bquare  metres,  and  Tt^nmes  in  cnUc  metres. 
We  will  denote  by — 

ji  — the  pressure  measured  in  kilograms  weight  per  square 

y(  =  noraial  atmospherio  preBsnre=   10888  ^^^  ^^^^^ 
=  pressure  of  a  column  of  merenry  0'73  metres  high 
at  sea  level  in  latitade  i5°. 
i=preBsure  in  millimetres  of  mercury. 
(  =  temperature  on  the  centi((rade  scale,  (,=0°C. 
T  =  abBolnte  temperature  -  273  + 1. 
a=,fT  =  D'008ee&. 
p  =  densitj,  i.t,  the  number  of  kilograms  per  cnbio  inetre 

at  ■  preeanre  p  and  temperature  t. 
li[i= normal  density,  i.e.  the  densitjf  when  f>= Jig  and  t  =  t^, 
ii=specific  volume,  i.«.  the  volnme  of  a  kilogram  at  a 

pressure  p  and  tempenit«ire  t. 
ti«=apecifia  volume  foi p=pf  and  (=V     Obviously  vp^l 
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I  =  Specific  gravitj  of  a  gas,  i.e.  the  weiglit  of  unit  volame 
of  the  gas  as  compared  to  the  ireight  of  unit  volume 
of  air  measured  under  the  same  p  and  t,  often  alao 
called  the  denait;  of  the  gas  as  compared  to  sir  =  I . 

§  2.  OHABAOTERISnO  EQITATIONB  OF  A  GAS. 

The  two  following  eqoationB  oonnectiDg  p,  v,  p,  and  t  hold 
with  great  e^ctness  for  all  gaees ; — 

n„i    —P =_£»     _R. 

'^'''    p(273  +  0      p„278-"' 

''*'     2;3  +  ("273  -*'• 
according  as  we  deal  with  (a)  unit  Tolame,  or  (A)  unit  weight  of 

B  is  called  the  gas  constant. 

The  constant  varies  for  different  gasBB  inversely  as  the  deusiW 
of  the  gas  (see  Table  VIII.).    An  important  consequence  of  this 

,=';(S»t)=^  =  a  constant. 
p(air)     R(gas) 

i.e.  (he  specific  ffraviiy  of  a.  gai  U  indt^ndelU  of  the  pressure  rrr 
tvmperfUure. 


We  can  alter  the  conditions  of  a  gas  in  several  different  ways. 
A.  The  temperature  is  kept  constant.  The  chanicteiistio 
•qoation  gives 

Pi  =  Ps=Jh  '-Pi 

Vj  :  Vt=p,  :  p. 

When  Ok  temperaiti/re  of  a  gas  is  kept  constani,  the  density  is 
proportional  to  the  pressure,  the  volurM  inversely  proporUanai  to 
tfupreiture.     (Bojle  or  Mariotle'a  Law.) 
S.  The  pressure  is  kept  constant. 

i'i:iP,  =  273  +  (,!273  +  (,  =  l  +  oi,:l  +  «t,=T,!Ta 

Pi  :pj=273  +  (i:273  +  i,  =  l  +  Btj:  l+a(,  =  Ta:T,. 

BTkfftt  (Ae  pressure  of  a  gas  is  kept  cwwfoni,  the  ■oolwmt  is 

proportimuU  to  the  absolute  trmperat'ure,  the  density  inverseiy 

proportional  to  the  absoluU  temperature. 
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Farther,  it  follows  thftt 

IFhtn  the  prtaure  of  a  ga»  U  kept  amdaid.  Ut  vol'iime  incrttues 
f},  {or  nearly  0'4  per  anl. )  ofil)  value  at  0°  C.far  tvery  riatin 
Umperaiwe  of  1*  C.    (Charles'  law. ) 

C.  The  volume  (and  therefore  f)  is  kept  ooDstaDt. 

yi:pa  =  273  +  <,  r  273  +  t,  =  l  +  B(i :  1 +«t,  =  Ti  iTj. 

When  the  volitme  of  a  gas  U  kfjit  aimiant,  the  praiure  iapro- 
portionttl  to  the  absoluU  temperatwe. 

Further,  it  follows  that 

When  the  vohtme  of  a  ga>  it  kept  amstajit,  (ft^prewureincreiMM 
]fj  {or  marly  O'i  per  caU.)  ofUi  value  at  0'  C,  for  every  rite  in 
ttmperature  ofV  C. 

g  4.  HEIQHT  OF  THE  HOHOOENIWnS  ATMOSFHEBE. 

The  introduction  of  a  gas  oonstant  B 
aeteristio  equations  of  a  gaa  in  a  form  n 
pnrposet. 

(2a)    -^=H^l  +  o/)=H{metiw) 

(2ft)    jH'  =  H„(l  +  Bi)=H(metreB). 

H  is  tenued  the  height  of  the  llomog«Deoas  atmosphere.     It  is 

the  height  of  a  coloma  of  air  of  constant  density  p  which  caerti 

the  pressure  j)  at  its  base.     (For  values  of  H,  see  Table  VII.) 

S  b.  OAUHTLATIOK  OF  TEE  BENSITT  OF  A  QAS. 

Given  (,  and  the  pressure  p  in  ^■"'--  ,  the  density  i« 

square  metre 
given  by  {2a)  as 

ffti  P        /  kilograma  ■\ 

^*''  ''~H,(l  +  a()  Vcobic  metre^  ' 
If  the  pressure  is  given  as  b  mm.  of  mercury,  we  can  write 


p(273  +  0      ^273 

Pj  /  fcilograms 

"~780  \cubic 


™'i».  Hg)' 


FOCKBT   BOOK  OP  ABRONAUTtCS 


(For  vHatB  of  a,  see  Table  VII.) 

If  the  denait;  at  a  given  height  is  required,  6  may  be  calca- 
lated  from  the  Darometric  heii^ht  fonnala,  or  taliea  from  T»ble 
XIIL,  and  Bab8titat«d  in  nqaation  i, -or  the  (actor  n 


^^^    "  =  »      iTTC 


S  e.  mxiUREs  OF  oaseb. 

Dklfam'B  Law. — In  a  mixture  ofgasea,  tach  gas  obeyt  itt  mon 
characUriUic  tqualion  independaiily  of  the  presence  of  On  ri- 
maining  gases. 

Dednotioiu.~The  miitore  of  gaaea  poeaessea  a  characteristic 
•quation  of  ita  own,  Just  ob  in  the  case  of  a  simple  gas  (euunple : 
air).  The  preBsare  of  the  mixture  is  equal  to  the  sum  of  the 
pressures  exerted  by  its  constitaents,  and  the  gas  constant  of  the 
mixture  can  be  calculated  from  those  of  its  constitueiits,  knowing 
the  proportion  of  each  gas  present.  ( In  the  practical  application 
of  Dal  ton's  law,  the  only  case  which  needs  considecation  is  that 
in  which  all  the  shms  are  at  the  same  temperature  before  the 
mixing,  and  in  which  no  change  of  t«mper»ture  occurs  in  the 
mixing.) 

The  exact  import  of  the  law  will  be  better  nnderstood  by  the 
followiog  examples  i — 

(a)  Volumes  V, ,  Vg ,  ,  .  ,  Vn  cubic  metres  of  permanent  gases 
at  pressures  ^ ,  p^,  .  .  ,  p^  respcctivsl j  were  mixed  in  a  space  of 
volume  V  cubic  metres.    What  is  the  resultant  pressure  P  of  the 

V„ 
mixture  I    Since  the  final  pressure  of  the  nth  g»»r'n=p»-y-, 

it  follows  that 

V 

(b)  If  in  (a)  the  densities  of  the  gases  before  the  mixing  wen 
pi,  ft,  .  ■  .  Pn,  what  is  the  density  p  of  the  mixture ! 

Since  Vii  pti  kilograms  of  the  >ith  gas  are  present  in  the  ntixtore 
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(rrom  whioh,  for  aianiple,  the  density  of  a  iniiture  of  coal  gas 
and  hydrogen  conld  be  calcnlated). 

(e)  What  is  the  value  of  the  gss  constant  B  foi  the  >b«ve  mix- 
ture t    From  (a)  and  (t)  we  get 

P-PiV.  +  PiVa+  •■  -  +P«Y- 

'p"    ftV,.+  ftV,+  ...p,V, 

SincB  pn  Vn  =  Mn ,  the  we^ht  of  the  nth  gw  prment,  the 

weight  of  the  iniiturB  M  =  ftVi  +  p,Vj+  .  .  .  +(>iiVn.     And 

since  the  characteristic  equation  of  the  nth  gas  can  be  written 


it  follows  that 
P 

M,R,  +  M,I1,+  . 

.11.T, 

M 
M,E,  +  M,E,+ 

..  +M»R- 

(d)  How  many  cubic  metres  of  oxygen  (V,)  and  nitrogen  (Vi) 
are  oontained  in  1  cabic  metre  of  sir  t 

Since  the  proportion  of  the  gasea  in  the  mixture  is  indepen- 
dent of  p  and  f,  we  will  put  p=Pu  and(  =  0°C.,  when  we  obtain 
the  equations 

dr)  =  V„p„-HV„ft, 


Po-PK      i-429-r26e 
V  _l-283-p„_l-afl3-r258_„^,. 
"       p,-ft,        1-429-1268 
Air  contains,  therefore,  78-fl  per  cent  of  its  volnme  of  nitrogen 
and  21'4  percent,  of  ito  volume  of  oxygen. 

(e)  How  many  kilograms  of  oxygen  (Mg)  and  nitrogen  (Mi)are 
contained  in  I  cubic  metre  of  air  T 

1  =  *^+*?-'' 
pe       Pm 

l-293  =  Mo-l-M., 
whence  (compare  {d))  Ma  =  0 '987  kilogram,  M,=0'S08  kilogram. 

Air  coniiiats,  therefore,  of  7B'l  per  cent,  nitrogen  and  28 'S  per 
cent,  oxygen  by  weight. 

(/)  A  cubic  metre  of  a  mixture  of  gases  at  temperature  1°  cou- 
nts of  n  gases,  whose  normal  densities  are  (^ ,  (p,), ,  .  .  .  (pg)n . 
The  partial  pressores  of  the  gasee  in  the  mixture  are  ascertained 
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to  '>»Piift>  ■  ■  -Pn-    How  many  kUognww  pi,  pt,  .  .  .  p^ot 

each  gaa  aie  coDtomed  in  the  mixture  1 

Siuee  the  ohaiactariHtie  eqnttioa  holds  fin  each  gu,  we  have 
for  the  nth  gai 

-^ — =£» ,  and  therefore 

'^    '"p,     1  +  .U 
Daltou's  Idw  ia  also  spplicabla  iu  dealing  with  ntmosphetic 
air  as  a  miiture  oF  dry  air  and  aqueous  vapour. 

g  7.  DIINSITT  AlTD  PBESSDBE  OF  AQUEOUS  TAFOUB. 

At  all  temperatures  which  come  into  consideration  in  meteoro- 
logical problems  aqueous  vapour  is  present  in  the  air  in  suoh 
rdatiTelf  amall  proportions  uiat  we  can  treat  it,uptoOte  point 
Iff  lalaralitm,  as  a  perfect  gas  follovring  its  own  charactcriatic 
equation.  The  specific  gravity  of  aqueous  vapour  is  O'SSS^g. 
In  the  charact«riatic  equation,  therefore,  the  normal  density  p^ 
must  betaken  as  0'622>:l'298  =  O'S04.  WemeasttrethepresBure 
e  of  the  unsaturated  vaponr  in  mm.  mercury,  and  the  total 
quantity  of  vaponr  in  a  cnbio  meter/,  in  kilograms.  In  a  state 
of  Katuration  we  will  call  these  quantities  E  and  F  (for  valneB 
see  Table  VIII.).  For  aqaeous  vaponr  the  constant  a  of  equa- 
tion {4)  =  2^=0-OD10S,  and  the  relation  between  (  and/  is 
given  by  the  equations  : 

(a)  -I-^  1  +  b(  VcalJic  mat™/ 

ie=99ifl;i  +  a<}(nim.). 
Since  theae  equations  can  be  applied  up  to  the  point  at  which 
•atntation  occurs,  we  obtain  wiSi  corresponding  accnraoy 

E- F  " 


(7)  -j;  =  i,nd7--s 


§  8.  HTSBOMEIBIO  BIAIE  OF  THE  ATHOSPHEBE. 

A  measure  of  the  quantity  of  aqueons  vapour  in  the  air  (or 
the  humidity)  cau  be  given  in  five  different  ways. 

A,  Abaolnte  humidity.— The   actual   quantity  of  aqueoui 
vapour/ contained  in  a  cubic  metre  of  air. 

B.  n^saure  of  aqueona  vapour.  >-Tbe  partial  pressure  t  of 
the  aqueona  vaponr. 

The  relation  between  the  absolute  humidity  and  the  pressure 
of  the  aqueous  vapour  is  given  by  equation  (fl). 
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C.  BelatiTe  humidity.— The  ratio  of/,  the  sctnal  quantity 
of  UDeous  vapoDr  contained  in  a  cubic  metre  of  air,  to  F,  tlie 
mazmium  qusntit;  wliich  it  could  hold  at  the  same  tempwa- 
tore,  expressed  as  a  percentage ;  or,  takiog  into  conudenitioii 
eqoatjon  (7), 

(8)  Relative  huraidity=10o/.=100^. 


D.  The  mizttira  ratio  (/i).— The  ratio   of  the  weight   of 

aqueous  vapour  (/)  contained  in  a  cubic  metre,  to  the  weight  of 
dry  ail  (p).  If  the  moist  air  has  a  pressure  of  h  nun.  at 
temperature  t°,  and  the  aqueous  vapour  a  pressuie  of  t  mm.. 


760  1+Ii ' 
whence  ^  =  i  =  a  _f_ 

represents  the  weight  of  aqueous  vapour  mixed  with  I  kilo,  of 

E.  8p«oiao  humidity  {it).— The  weight  of  aqueoos  vapour 
ooDtained  in  1  kilogram  of  moist  air.     Since  from  the  definition 

it  follows  that 

(10)       Specific  humidity  »= j— ^ . 

1 9.  DENsrrr  of  moist  aib  (p/). 

If  the  pressure  of  aqueous  vapour  \\ 

■  -■-      -ure  Ois«mm.,  t^ "' 

Whence  (§  ^ 

•  760   i 


.     .      1 


1 


«fiy=p4-/',  it  follows  further  that 
Po   tJ' 


y- 


.;lc 
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g  ]0.  ADIABATIO  PB0CE88E8. 

The  quantity  of  hwt  aeceaaarj  to  raise  the  temperature  ofa 
kilogram  ofa  gaa  1°C.  depends  on  the  method  of  applying  the 
b«at,  and  is  tmued  the  specific  best  of  the  gas.  If  durins  the 
warmins  process  th«  pressare  is  kept  constant^  we  will  call  tbe 
specitic  heat  CL  while  we  will  deaignats  b;  C,  the  specific  beat 
fttconBtaiit  volnme,  both  being  measured  in  calories  per  IdlO' 

Itisfoundtbat 

"^)  "--"--ill' 

where  423 '5= mechanical  equivalent  of  tbe  calorie  in  kilogiam- 
metre  gmTitation  units. 

Tbe  quotient  ^  will  be  denoted  by  k. 

The  velocity  of  propagatioa  of  a  preesDre  disturbance  (or 
the  velocity  of  sotiDd),  u,  in  a  gas  is  related  to  k,  and  to 
the  .bright  of  the  homogeneous  atmoepbere  according  to  tbe 
equation : 

(13)     .-VRH-VS^-\/«'-»-?l  +  -')(=S} 

(For  values  of  Cp,  C„  t,  andu,  see  Table  TIL  of  gas 
"  a  gas  whose  state  is  defined  by  p,,  v,,  t^,  pi. 


adiahatically  into  tbe  conditian  denned  by  oj,  t>|,  (j,  p,  (tba 
"    "  "'  ■'   -  -  "^  ^  '  '       -    loQaJiKe  of  heat  1  '" 

IS  hold  for  tbe  b 


to  say,  the  gsa  ia  protected  against  any  exctuuiKe  of  heat  with 


V-i(2-3  +  g-*,'-H278  +  i,). 
273  + 1^    27S  +  1 
fti*~'  ~  Pi'~'  ' 
(273  +  ij)*_(278  +  yf 


We  can  deduce  from  equation  (16)  the  cooling  which  a  mass 
of  gas(ajr)  undeigoes  when  it  rises  in  tbe  atmosphere,  If  a  gas 
of  specific  gravity  a  alton  ila  level  by  a  height  aA,  reckoned 
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'-=:0-0099B. 

(The  formalB  bils  aa  Boon  aa  the  moist  air  is  reduced  in  tempera' 
ture  to  the  dew  point.  The  qiiotieat  (^  " »  has  jipproiinurtely 
the  same  ralue  for  hydrogen  or  coal  gas  as  for  air,  lo  that  the 
tempCTatnre  gradient  —  can  be  token  with  sufficient  accuracy 
ai  -  O'Dl  degrees  per  metre  for  thue  ga»ea  also. 


Suppose  we  have,  contained  in  a  Teesel,  a  gas  of  density  pj, 
under  a  presaure  p^,  and  at  a  temperature  t,,  and  allow  the  gas 
to  flow  throu({h  an  opening  of  g  square  metres  cross  section  intp 
a  space  in  which  the  pi'SBSim  isp  ;  we  require  to  calotilate  the 
Telocity  of  flow  U  of  the  gas  through  the  opening,  and  the  quan- 
tity U  of  gas  which  flows  through  pet  second.  A  pressure  j>t 
must  firet  be  found  which  bears  to  the  pressure  p^  the  relation 

The  value  of  the  factor  (^)''' "  '^'^^  '■""^  nearly)  for  air, 

hydrogen,  or  coal  gas,  and  0'E4  for  carbon  dioxide. 

CoH  l.—p  is  less  than  pt.  In  this  cose  the  rate  of  flow  is 
aiaoluUiy  independent  of  the  external  pressore  ji,  and  is  given  by 


where  it,  represents  the  velocily  of  sound  in  the  gas  in  the  con- 
taining vessel  {cf.  equation  13).     The  gas  passes  throngb  the 
opening  with  the  velocity  of  sound  in  the  gas  just  at  the  opeoing. 
Cam  2. — p  is  greater  than  pit ,     In  this  case  the  rate  of  flow  of 


POCKBT  BOOK  OF   ABB0NAUT108 
the  oQtflow  itself  depend  onp,  nnd  are 

,«,  M=Vji-,.«.-''.V(lH|)¥('S'). 

If  the  flow  of  tbe  gas  takes  pluie  ander  >  very  rmall  Aijftrtne* 
of  pretmre  (as  in  the  cue  of  a  balloon  volTe),  the  proceases  can 
M  treated  na  iaothernuil  ones,  and  we  obtain  the  dmpliliad 
formolie : 

(26)  U=  V^n:.  J^-IZV  (>^^^\ . 

{H,  =  height  of  the  homogeneons  atmosphere  for  the  gu  in  the 
containing  vessel.  

V2^l^haB  die  value  396  Vl  +  at  metres  per  second  for  air. 

Since  H  ia  inveisely  proportiaDal  to  the  specific  giavit;  of  a 
gaa,  we  may  Qee  the  more  convenient  formolie  : 


»)   ''-^•'■'V'^vrr^,(^S'). 

I  convenient  to  eipress  the  pressures  io 
3  Table  XII.). 

1 12.  sumsiOK  Am)  o&hosis. 

If  a  division  wall,  separating  two  different  gases  at  the  same 
temperature  and  pressure,  ia  removed  without  disturbing  the 
equilibrium  of  the  gases,  the  gases  gradually  mix  together  b; 
difvsiim.  The  one  gaa  diffnses  into  the  other  according  to  laws 
similar  to  those  governing  the  diffusion  of  heat  in  a  conducting 
bodv.  The  rate  of  diffusion  depends  on  a  certain  coeffieUni  a} 
diffusion  exactly  as  the  inte  at  which  heat  diffuses  depends  on 
the  conductivity  of  the  body.  This  coefficient  has  the  dimen- 
sions cm.'  »ec~'  oa  the  cg.B.  system  of  units.  It  increases  as 
the  square  root  of  the  absolute  temperature,  and  is  inversely 
proportional  to  the  total  pressure  of  the  gases,  so  that  the  rate  of 
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mixing  iDorasa  with  a  lise  in  Umpentnie  ot »  decrease  in  the 
pressure.  At  0°  C.  and  atmospheric  [ircssure  the  following  are 
the  ooefficiants  of  difiTaiion  for  the  mutnreB  given,  meuured  in 

Carbon  dioiide  -  air,  =  0-1428 

Cwbon  dioxide  -  oxygen,  =  0*1802 

Carbon  dioxide  -  hydrogen,  =  0*6487 

Oxygen  -  hydrogen,  =  0*7217 

Oxygen  -  nitragen,  =  0*1710 

At  18°  C.  Aqueous  Taponr    -  aii,  =  0'247C 

Aqueous  Tapour   -  carbon  dioxide,      =  0*1554 
Aqueoua  vapour   -  hydrogen,  =  0*8710 

IfilU. — The  coefficient  of  diffusion  of  a  jcas  A  in  a  gas  B  ia 
identical  with  that  of  the  gas  B  in  the  gas  A. 

These  diffusion  procesaea  take  place  even  throagh  a  thin 
rabber  membrane  showing  no  pores  whatever ;  this  process  is 
called  otmotis.  The  relative  velocities  with  which  various 
different  gases  penetrate  into  a  racaum  through  a  rubber 
membrane  ore  given  in  the  following  table  :  — 


Timenecrasary 

Oas. 

tor  the  oemoslB 

velocity. 

of  a  certain 

volume  of  gas. 

Hitrogen.        .         .        . 

100 

18*60 

1*11 

12 '20 

Ail,         .         .                 . 

1*16 

11*86 

Ethylene, 

2*16 

8-88 

Hy«&.      : 

2  66 

6*82 

S-60 

2*47 

Carbon  dioxide,      . 

13*60 

1*00 

If  the  rubber  membrane  separates  two  different  gases,  each  gas 
diffuses  through  the  rubber  wilh  a  velocity  proportional  to  the 
corresponding  number  ^ven  above,  and  the  composition  of  the 
gas  on  either  side  of  the  membrane  alters  accordingly. 
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B.-TECHNOLOGY  OF  GASES. 

By  JOSEF  STAUBER, 
OftAifliEnonl im  k,  rindt,  FuttmgianaieTie  BrgbaentX'a.t. 
%  l.^All'gaseavhioh  &re  lighter  than  air  are  in  theory  Bnitable 
for  filling  bsUooDa. 
Ill  practice  tbs  followiag  are  nuBUitsble  : — 
Ammonia  go*,  becsiue  it  attacks  the  material  of  the  balloou. 
Carbon  monoxide,  on  aocoant  of  its  poiwnoua  charMtei. 
Meliitm,  on  aooount  of  its  dearneas. 
The  f(ill<Jwing  gases  may  be  used : — 
Hyd 


g  2.  METHOIK  FOE  THE  PBODUOTION  OS  JCTOBOSm. 

(a)  Bythe  decowpositioa  of  water 

(1)  electrically, 

(2)  by  the  passage  of  steam  over  glowing  iron. 

(i)  By  the  action  of  iron  or  zinc  Id  the  cold,  on  sulphuric 

or  hydrochloric  acid, 
(c)  By  the  decom position  of  sUked  lime 
(1)  by  carbon, 
(2)bjzino. 
I  3.  TEE  PE&FARA.TIOIT  OF  HTDBOQEN  ELEOTBO- 

ITTIOAIiY. 

The  cost  of  the  plant  required  and  of  piwiuction  is  great, 

and  the  method  only  pays  when  cheap  power  can  be  employed 

for  the  production  of  the  electric  current,  ami  when  the  oxygen, 

simultaneously  produced,  can  be  adranl«geously  disposed  of. 

It  is  necessary  to  have 

(1)  A  shunt- wound  direct-current  dynamo. 

(2)  The  electric  current  led  through  a  aeiiea  of  electrolytic 

cells  for  the  decern  position  of  the  water. 
.  (3)  Heans  for  making  the  water  conducting.     Caustic  soda, 
caustic  potoaD,    potsBsium    carbonate,    and    dilute 
sulphuric  acid  are  frequently  used  for  this  purpose. 
(4)  A  potential  difference  of  at  least  1  '5  volts  ;  on  account 
of  the  increase  of  resistance  at  the  electrodes  it  is 
preferable  to  allow  26  volts. 
This  voltage  does  not  hold  for  pure  water.     For  teolmioal 
purposes  the  water  is  made  a  better  electrolyte  by  the  addition  of 
alkalis  CT  acids.     The  choice  of  electrolyte  depends  on  the  nature 
of  dectrodes  to  be  used. 
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With  iron  eloctrodeB  the  hydratea  or  carbonates  of  the  alkali 
Ristols  are  used ;  with  lead  electrodes  only  dilute  salphurio  acid 
is  employed.  In  tbe  latter  oss*  the  high  conductivity  enables 
a  Urge  current  density  to  be  used,  tbereb;  redudng  the  ooBt  of 
the  process. 

Iron  electrodes  enable  n  Ught'^r  and  stronger  apparatus  to  b« 
used,  but  a  Bmallei  carreut  density. 

(5)  A  current  density  of  14  amperes  per  100  sq.  cm.  of  the 

Biirfaofl  of  the  electrodes.    1  amp.  -hour  yields  0"037 

em.  hydrogen,  bo  that  for  the  production  of  1  cb.  m. 

hydrogen  and  i  cb.  ni.  osygen  6  kilowatt  hours  are 

□eaessary. 

Example. — Given  a  100  H-P.  dynamo  giving  60  kilowatts  at 

100  volte.     The  iron  electrodes  are  30  em.   x  GO  cm.,  i.a.  IGOO 

sq.  cm.  area. 

If  we  send  (see  (G))  14  x  IG  =210,  or  say  200  amps.,  thiough 
the  wat«r,  we  need „--       =  S  rows  of  cells.    The  number  of 

100  (volt.) 
cells  in  each  row  works  out  to  be ^zg —  =  40,  so  that  the 

total  number  of  oells  — 3  x  10—120. 

Now,  every  amp. -hour  yields  0'087  gm.  hydrogen  per  cell. 
Siuce  200  amperes  pass  through  each  cell,  we  obtain  altogether 
0'037  X  120x200  =  888  gm.  hydrogen  per  hour,  or,  roughly,  10 
cubic  metres.  We  obtain  the  same  result  if  we  take  6  lulowatt- 
hours  as  uecessary  for  the  production  of  1  cb.  m.  hydrogen  (see 
(G)).  Since  we  haVB60kiloWBttsatouidisposaI,  we  obtain  hourly 
^(kilowatts)  or  10  cb.  m.  hydrogen. 

Siity  houiB  will  be  required  to  fill  a  balloon  of  600  cb.  m. 


Desoriptioii  of  apparatus  for  electrolysis  of  water.  —  The 
apparatuaofDr  Oscar  Schmidt  of  Zurich  consists  of  a  row  of  cells 
arranged  in  series.  The  electrodes  are  cast-irou  plates  formsd 
after  the  manner  of  the  chambers  of  a  filter-press  (see  Gg.  1}. 
The  electrodes  are  separated  by  non-conducting  diaphragmB,  so 
that  the  oxygen  and  hydrogen  may  be  collected  separately.  The 
liquid  is  a  weak  solution  of  (lotash  which  undergoes  no  change  in 
the  process,  but  the  decomposed  water  must  be  replaced  by  fresh 
distilled  water  from  time  to  time.  The  liquid  is  kept  in  constant 
cireulatiou  by  the  development  of  the  gas  on  the  surfaces  of  tbe 
electrodes,  and  a  certain  amount  of  the  liquid  is  carried  over  as 
spray  with  the  gas  into  the  gas  refiner,  where  it  is  separated  from 
the  gas,  and  Bows  back  into  the  chambers  of  the  aj^iaratus. 

The  gases  can  be  led  away  tinder  a  pressure  up  to  that  of 
1  metre  of  water. 
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During  tfie  working,  only  pure  ir&ter  need  Iw  idmittsd  into 
the  appsKtOB. 

One  apparatas  producea  168  litree  hydrogen  tnized  witlt 
■bant  1  litre  of  osygan.  Aa  a  rule,  the  hydrogen  produoad 
ia  soma  26  per  oent,  heavier  than  pure  hydrogen,  wetghmg  O'OS 
+  ?^>-0-08  =  0'l  kg.  perch,  m. 

Anwigement  of  the  apporstna.  —  The  electric  ciicnit  (see 
aketch)  passes  through  the  awitchboard  SM,  to  which  is  attached 
a  safety  fuse  Si,  on  ammeter  Sim,  and  a  smalt  rheostat  W ; 
pressure  gauges,  Dm,  ore  attached  to  the  mains  leading  bi  the 


The  apparatus  is  constructed  for  use  either  with  voltages  of 
6S,  110,  or  200,  and  can  be  built  to  absorb  30  kilowatts. 

The  cost  of  hydrogen  produced  by  this  method  depends 
principally  on  the  cost  of  the  currant ;  on  oji  average  it  may  be 
taken  aa  abont  4d.  to  8d.  per  cubic  metre. 

S  i.  FSEPABATIOS  OF  HTDBOOEIT  BT  THE  PASSAGE 
OF  STEAK  OVEE  QLOWINQ  IBOH. 

Water  can  be  decomposed  by  bringing  it  into  contact  with  a 
body  such  as  glowing  iron,  for  which  oxygen  has  a  greater 
chemical  affinity  than  it  has  for  hydrogen. 

The  chemical  reaction  takes  place  accrwding  to  the  following 
equation ;— 

3Fe  +  4HjO  =  Fe,04  +  iHj. 
From  this  it  follows  that  1881  gn.  Fe  and  SOS  gm.  EjO  ue 
necessary  for  the  preparation  of  1  ob.  m.  hydrogen.. 

This  method  has  been  advocated  by 

I.  Coutelle.     2,  H,  Oiffard.     3.  Dr  Straohe. 

(!)  Oontelle'a  method.— Introduced  in  1763  by  the  French 
aeronauts.  Seren  Ions  iron  (or,  better,  copper)  retorts  were 
ftTRkUged  in  two  layers  m  a  brick  oven.  The  tubes  were  GHed 
with  rust-iree  iron  filings,  and  both  ends  closed  by  covers  weH 
cemented  on.  Through  one  oovei  a  small  tube  pa^ed  to  admit 
the  sUajn,  while  the  gas  was  conducted  away  by  a  tube  in  the 
oppoute  cover.  The  gas  is  led  through  a  botde  of  lime  wat«r 
dvmjtly  into  the  balloon.  The  fire  must  be  sufficient  to  keep 
the  iron  at  a  white  hsat  for  about  for^  hours  to  fill  a  balloon  of 
450  cb.  m.  capacity. 

(2)  lu  Q-ifE^'a  arrangement  ooke  is  first  oxidised  in  a  suit- 
able  generator  by  blowing  in  air.  The  reniltant  generator  gas 
(mostly  carbon  monoxide)  is  freed  firom  fine  ash  by  passing  it 
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he«t«dftDd reduced tometalUciroub^ the botfoTQacegas;  Btoun 
is  now  blown  into  the  retort  and  oxidises  tbe  iron  to  Te,0,,  setting 
tne  hydrogen.  The  generator  g^  is  led  into  this  urnffle  onoe 
more,  the  oxide  ia  reduced,  and  so  the  whole  process  is  repeated. 
DisadvantaeM  of  this  method  for  practical  iudtutrlal 
application.— The  charge  of  iron  soon  becomes  useless  owing  to 
the  formation  of  ferrons  sulphate,  dne  to  the  presence  of  solphur 
iu  the  coke.  This  covers  the  material  with  a  protective  la^er, 
and  moreover  easily  mells,  oau^ng  the  whole  charge  to  bakemto 
a  hard  solid  mass. 


Fio.  2,— Dt  SbTBclie'i  hydrogen  generator. 

(S.)  Dr  Strache  has  lately  succeeded  in  overcoming  the  diffi- 
culties of  OifTard's  method  b;  the  use  of  charcoal  iaatead  of  coke. 
Tbe  use  of  tbe  purifying  tower  to  remove  any  ash  ordustisin  this 
case  annecessary,  and  Id  addition  the  carboa  monoxide  not  used 
up  in  the  reduction  of  tbe  iron  is  burnt  in  a  regenerator,  thus 
supplying  tbe  heat  necessar;  to  superheat  the  steam  required. 

Dr  Stnche's  apparatus  comprises  tbe  cbsmbera  K  (see  Gg.  2) 
containing  the  charcoal,  E  filled  with  iron  filings,  and  E  the 
regenerator. 

After  a  &re  has  been  made  in  K,  this  is  fed  with  charcoal,  and 
the  chamber  &  filled  with  iron  filings ;  air  is  then  blown  into 
the  chamber  K  by  mpans  of  the  fan  Li.  The  generator  gas  is 
drawn  into  the  chamber  £,  where  it  beats  the  iron,  and  at  the 
same  time  reduces  any  oxides  prewnt  to  metallio  iron.     The 
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Tamaining  cftrbon  monoiidi  u  burnt  in  the  reg«nanb>T  B  by 
sir  foiced  in  through  the  fan  I^  and  the  Gre-bricki  oontaintd  in 
the  regencrBtor  are  thna  naed  to  a  white  heat,  while  the  ipent 
f^  (carbon  dioxide)  escapes  throaah  the  chimney  G.  Next  the 
steampipe  D,,  the  ralve  S,  and  the  ohimoey  Q  ore  closed,  the 
fipe  W  IB  opened,  and  steam  is  blown  in  thnngh  the  tube  D,  ; 
this  becomes  strongly  superheated  in  the  ^generator,  and  in  the 
chamber  E  produces  hydrogen  gaa  and  oxide' of  iron.  The  gas 
eecspee  through  Uis  bibe  W,  mixed  with  the  residual  steam, 
which  is  completely  condensed  in  a  icrabber. 

The  hydrogen  thus  produced  needs  no  further  pnriGcatiDD. 
As  soon  as  the  production  of  gas  has  nearly  stopped,  which 
occurs  after  a  short  time,  the  oxide  of  iron  is  again  raduced  and 
heat«d  by  blowing  air  in  through  L,.  As  soon  as  the  iron  glows 
briehtly  again,  the  production  of  the  gas  is  once  mora  started, 
and  BO  the  process  continues. 

By  thi-    -  "  ^  -' 

with  the  minimum  expenditure  of  heat,  while  the  oxide  of  iron 
is  constantly  being  reduced  to  metallic  iron.  The  cost  of  hydro- 
gen mannfactured  by  this  method  is  about  Id.  pei  cubic  metre. 

In  order  to  get  an  idea  of  the  rate  of  production  of  the  gas 
with  this  apparatus,  the  following  table,  pabUehed  by  the 
"  Internationale  Wasaeratoff  Aktien-Gesellschatt,"  has  been 
added;— 

EXFEKIMENTAI  DAT4. 


2 
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Bust-free  iroB  filiDgs,  or  grannlabid  zino,  reset  in  watsr 
acidified  slightly  by  either  of  tbe  above  wada,  according  to  the 
following  chsmiMl  equttions: — 

(o)    Ironi  H2SO4-f-Fe=Ha  +  FeS0„ 
(i)    Zino:  H^Oj  +  Zn^H.  +  ZnSO^; 

or  if  we  DM  ECl  iiiBte«d  of  H38O4 : 


The  QBe  of  hydrochlorio  acid  would  appear  to  be  more  adran- 
tageoni  than  that  of  sulphuric  «oid,  since  for  an  eqnal  weight 
of  zino  or  iron  only  7S  parts  by  weight  of  HCl  are  needed 
as  against  98  parts  of  H^O,  in  order  to  obtain  2  parts  of 
hydrogen. 

Commercial  tralphurie  aoid  is,  however,  QsDallj  maoh  more 
concentrated  thftn  commercial  hydrochloric  acid,  so  that  the 
weight  of  common  hydrochloric  acid  required  for  the  prodnction 
of  a  given  weight  of  hydrogen  is  much  greater  than  the  weight 
of  ordinary  ooncentr»l«d  Bulnhnric  acid!  la  addition,  hydro- 
chloric acid  vapour  ie  not  only  iujuriouB  to  the  health,  but  also 
to  the  fabric  of  the  balloon,  and  it  is  diOieuIt  to  prevent  aome 
twiog  oarriad  over  with  the  hydrogen  into  the  balloon.  On  these 
grounds  the  use  of  bydtocbloric  acid  in  tbe  preparation  of  hydro- 
gen is  not  to  be  recommended. 

The  question  as  to  whether  the  use  of  lino  or  iron  is  the  more 
advantageous  is  easily  settled  by  reference  to  the  abore  fonnnhe. 
In  order  to  get  2  parts  by  weight  of  hydrogen,  we  need  6G  parts 
of  zinc  as  against  66  parti  of  iron.  Fiuther,  zinc  is  much  dearer 
than  iron  and  usually  contains  arsenic  as  an  Impurity,  which, 
in  the  course  of  the  preparation  of  the  hydrogen,  causes  the 
formation  of  arsenurettcd  hydrogen  (AsH,),  a  very  poisonous 
gas.  The  use  of  zinc,  then,  is  not  to  be  recommended,  although 
the  rate  of  development  of  the  gas  is  greater  with  it  than  with 
iron.  According  to  Millon,  the  addition  of  nifjs  part  of  pla- 
tinic  chloride  to  the  acid  solution  accelerates  considerably  the 
rate  of  evolution  of  gas.  The  apparatus  in  which  the  chemiool 
reaction  takes  place  may  be  constmcted 
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(«)  Od  Lii«nt  Stanbn'f  eyttem,  dspending  on  the  prineipU 
of  continuoDs  oirouktiou,  bat  with  th«  mooifiettaon 
thftt  th«  water  and  soid  are  added  separately. 

The  spparatnB  used  for  the  prodnction  of  hydrogen  in  the 
wet  way  usually  coasists  of  aereial  lead-I^ed  Teasela — eO'C^ldd 
gsneratora^in  which  the  chemical  action  takea  place.  Tfaa 
impure  gas  containing  ooid  fumea  is  led  out  into  a  washing 
chamber,  where  it  comes  into  contact  with  a  coatinuous  itreaut 
of  water,  which  coola  the  gaa  and  removes  the  greater  part  of  the 
acid.  Afterwaids  the  gas  passes  through  drying  vessels  filled 
with  burnt  lime,  calcium  chloride,  or  caustic  potash,  which  re- 
move practioolly  the  whole  of  the  moisture,  and  it  is  afterwards 
led  directi;  into  the  mouth  of  the  balloon. 

Modern  forms  of  gaa  producers  give  100  to  160  cubic  raetrea  per 
hour  and  can  he  worked  continuously,  When  working  economi- 
cally, £i  kg.  H^O,  and  S  '5  kg.  Fe  are  nocessary  for  the  production 
of  1  cb.  m.  of  hydrogen.  In  a  poor  apparatus,  6  to  7*6  kg.  ^SO* 
and  4  to  6  kg.  Fe  may  be  oeceBsary  tor  the  production  of  the 
same  quantity  of  gaa. 

(a)  Charles'  arrangement. --The  ran 
the  preparation  of  the  gaa  are  brought  it 
iron  vessel  in  which  the  ohemioal  action  occurs.     Aa  soon  as 


drained  off,  the  iron  well  washed  with  w 
added,  the  lid  closed  again,  and  the  acid  solution  allowed  to 

3uch  a  form  of  apparatus 
filings  become  coated  with 

the  rapidity  with  which  tbe  gas  is  evolved  and  the  n .. 

motion  of  the  liquid,  and  this  prevents  the  further  action  of  the 
acid,  rendering  such  an  apparatus  of  little  practical  utility. 

(ft)  The  disadvantages  of  the  method  ore  overcome  by  the 
application  of  Gifiard  and  Renard's  principle  of  continuoosoir- 
cuTatiou,  acid  Sowing  in  at  one  side  of  the  generator  while  the 
ferrous  sulphate  liquor  flows  out  oontinuonsly  at  the  opposite 

An  apparatus  arranged  in  tbis  uanncr  has  the  one  disadvan- 
tage that  the  quantity  of  acid  required  to  generate  1  cb.  m.  of 
hydrogen  may  De  as  much  as  10  kg. 

In  general,  lead-lined  iron  generatots  require  extremely  careful 
handling :  the  lead  is  readily  attacked  by  warm  sulphuric  acid, 
and  also  has  a  greater  linear  coefficient  of  expansion  than  the 
iron  vessel  surrounding  it,  this  often  causing  the  lead  lining  to 
bUater  in  couseqaence  of  the  high  temperatures  developed  by  the 
chemioal  action.  When  this  occurs,  tbe  lead  is  frequently 
piraoed  by  the  sharp  irou  filings,  allowing  the  acid  to  percolate 
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into  the  space  between  the  le*d  coating  and  the  iron  vesad ; 
this  vary  quicUj  niina  the  kppHratuB, 

If  the  bd  of  the  reseel  is  made  airtight  by  water,  this  must 
be  provided  with  exit  taps,  and  the  water  nmst  be  coDstautlf 
renewed. 

The  formatioti  of  a  layer  of  ferroos  sulphate  on  the  Burfiwe 
of  the  iron  filings  ia  prevented  by  the  circulation  of  the  liquid 
and  the  high  temperature  dtie  to  the  rapid  development  of  the 
gas ;  the  more  ao  IT  the  generator  is  constructed  of  a  badly 
conducting  material  such  as  wood, 

(c)  The  raw  materials  are  still  more  thoroughly  used  up  if  the 
sulphuric  acid  and  the  water  are  admitted  into  the  generator  by 
separate  openings.  (Stauber's  Appontas.  Austrian  patent 
"     -" )7,  by¥ 


No.  6507,  by  Messrs  Dolainski.) 


g  6.  DEOOHPOSinOIT  OF  SLAXED  LIKE  BT  OOAL. 

This  method  has  h 
in  general  use.  The  i 
in  retorta  heated  eitemallj,  and  after  the  reaction  haa  oaased 
the  retorts  must  be  emptied  and  recharged.  The  combustible 
material  is  here,  as  in  all  retort  proceaees,  oempletely  spent 
and  useless  afterwards,  which  is  extravagant  and  an  important 
consideration  when  cheap  hydro^n  is  required. 

The  reaction  progresses  acconling  to  the  following  equation : — 

HaO  +  Ca(OH),  +  C=CaC08  +  2Ha; 
bnt  way  be  looked  upon  aa  taking  place  in  two  stagea : 

(1)  2H^  +  C  =  C0a  +  2Hr 

(2)  CO,  +  Ca(OH)a-CaCO,  +  HjO. 

In  all  methods  of  obtaining  hydrogen  from  water  bj  the 
formation  of  carbon  dioxide  and  the  absorption  of  this  by  lime, 
it  is  to  be  noted  that  according  to  the  first  equation  44  1^.  COg 
are  formed  along  Tpitb  4  kg.  hydrogen,  and  to  absorb  tbia  quantity 
of  CO,  we  require  in  practice  90  kg.  lime,  so  that  2  kg.  lime  are 
required  per  cubic  metre  of  hydrogen,  which  makes  the  method 
very  expensive.  The  method  is  not  to  he  recommended  for  the 
preparation  of  hydrogen  on  a  large  scale,  bo  long  as  no  simple 
method  exiata  of  reconverting  the  powdered  chalk  formed  into 
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S  7.  DEOOHPOSmON  OF  SLAKED  LDCE  BT  ZTSO. 

HetliDd  used  bj  Dr  WUhelm  Majert  and  Lieutenant  Richter, 

German  Patent  No.  S9898  [see  fig.  3). 

TbiB  method  is  based  on  the  behaviour  of  duo  dast  when 

heated  with  rarioiu  hydrates.     The  hydrate  is  decomposed  bj 


the  xino,  hydrogen  and  zinc  oiids  being   formed.     The  best 
mateiials  for  the  purpose  are  calcium  hydrate,  hydiated  cement, 
aluminium  hydrate,  or  calcimn  chloride  combined  with  two 
molecDlea  of  water  of  crvstallisation. 
The  formation  of  the  hydrogen  takes  place  in  two  at^es,  the 
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fint  of  which  oocnn  at  &  dftrk  red  heat,  the  seoond  »t  ft  blight 
red  heat.     The  following  eqnationa  represent  the  reactjons  whuib 


'l^ibI 


Kc 


3  /OH 

i  +  2Zn  =  C«a=    O  +  Zn  +  ZnO  +  Hj. 

^  \0H 


Half  the  available  hydrogen  is  given  off  at  this  stage,  and 
ramainiug  is  a  mixture  of 

(1)  A    nev   calcium    hydroxide   whioli  has    not   yet   been 

thoroughly  investigated,  bat  which  is  readily  obtained 
by  a  pTolonged  heating  of  ordinary  oalciwn  nydroiide 
at  a  doll  reaheat. 

(2)  Zinc  oxide. 

(3)  Zinc  dust. 

II.  Second  phase : 

/OH 
Oaj=    O  +  Zn  +  ZnO  =  2CaO  +  2Zn0  +  H, 
\0H 

Finally  a  mixture  of  calcium  sod  sioc  oxides  is  left.  For  a 
rapid  development  of  hydrogen  it  has  been  found  better  in 
practice  to  (Uscontiniie  the  rea<:tioD  before  the  whole  of  the 
hydroxide  haa  been  decomposed,  so  that  small  quantities  of 
calcium  hydroxide  and  of  zinc  dust  remun  at  the  end  of  the 

The  miitm«  of  dno  dust  and  the  hydroxide  is  placed  in  lead 
boxes  (cartridges)  and  soldered  up.  The  substances  are  mixed 
in  such  a  proportion  that  one  molecule  of  zino  dust  is  present 
for  each'  molecule  of  available  water  (in  the  hydroxide).  If 
calcinm  hydroxide  conCainiug  uncombined  water  is  used  it  must 
be  mixed  with  fine  quicklime,  so  that  one  molecule  of  quicklime 
is  present  for  each  molecule  of  uncombined  water.  An  apparatus 
designed  for  continuous  working  19  sbonn  diagTHmioatically  in 
the  accompsnyiuK  Qgure.  A  system  of  20  tuties  is  arranged  in 
the  space  F,  which  can  be  heated  by  a  f\imace  undemesitb.  At 
one  end  of  each  tube  r  is  attached  a  pipe  c  to  conduct  away  the 
gas,  terminating  in  the  hydraulic  receiver  V,  while  the  other 
end  of  r  is  closed  by  a  lid  d,  held  in  position  by  a  screw  g.  The 
whole  apparatus  oan  be  monuted  on  a  waggon  and  used  in  the 
open  air.  The  ntc  of  development  of  the  gas  is  such  that  about 
live  hoars  are  required  to  fill  a  balloon  of  600  cb.  m.  contenta, 
naing  two  such  sets  of  retorts,  but  the  coat  of  the  method  ia 
vary  oonsidenble  indeed. 
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g  S.  WATER  OAB, 


The  prepftT&tioa  of  water  gas  it  similar  in  many  ways  to  tlia 
preparation  of  hydrogen  by  Strache's  mgtiiod,  described  above. 

Water  gae  in  colonrleBa  and  odourlesB.      Its  mean   apeciSc 
gravity  with  respect  to  air  is  0*54,  irith  respect  to  hydrogen,  7'82. 

Its  oompoaiiioii  ie  ss  follows ; — 
Oonetitaent.  ^XaT 


40 


o\; 


Total,  .     100 

A  mixture  of  water  gas  and  air  i»  explouve, 

Hkenomenon  Per  cent  volmns  of 

water  gu  present 
Commencement  of  vimble  bnming,      ...       II 

Continnaua  spreBding  flame 14 

Audible  ezplosioQ, 18 

Hazimum  eiplosioii, SI 

Water  gas  is  formed  by  the  dacompositiou  of  steam  by  glow- 
ing charcoal.  The  products  of  decomposition  depend  upon  the 
temperature :  at  a  hish  temperature  carbon  monoxide  and 
hydrogen  are  formed,  while  at  lower  temperatuies  carlranic  acid 
and  hydrogen  are  produced.  The  decomposition  of  the  steam 
coctinuQUaly  so  long  as  the  temperature  is  kept  sufficiently 


hirii 


e  have  then : 

(1)         C  +  2H30=C0a+  2H,  at  low  temperatures, 

(B)         C  +  H,0  =C0 +Hs   at  high  temperatures. 

In  the  first  case  we  obtain  3S'3  per  cent  by  volume  of  COj, 
orOes  kg,  per  cubic  metre  of  the  miitue  of  gases,  requiring  for 
its  absorption  about  1  kg.  lime. 

Furthermore,  at  low  temperatures  much  of  the  steam  is  carried 
over  undeoomposed.    A  high  temperature  is  then  an  absolutely 


a  for  the  production  of  water  gas,  bringing 

about  not  only  the  complete  decomposition  of  the  steam,  but  also 

praventing  tlie  formation  of  Urge  qoantitieB  of  carbon  dioxide. 

12  kg.  of  oarbon  with  18  kg.  steam  produoe  30  kg.  of  water  gis. 

The  apparatus  (flg.  i)  consists  of  m  brick-lined  produosr  or 

f  aerator,  which  is  filled  with  coke  through  the  feediag  hoppwr 
.  which  can  be  donbly  elosed.     When  the  combustion  lias  been 
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started  air  iB  diiren  into  the  apparatus  at  the  lower  end  A,  *nd 
aireeps  throngh  tlie  generator,  heatiug  the  coke  to  a  Tery  high 
temperetnre.     The  producer  gas  %i>rmtA  escapee  throu^  the 


Flo.  1.— Dr  Btnche'a  WHler-EU  generator. 


apenine  B  and  the  valre  Q  Q.  The  entronce  of  air  from  outaide 
tbrongh  the  lattai  is  prevented  by  a  water  trap,  bat  it  ia  free  to 
ixiim  gas  to  pou  out.  UndeTneatb  the  valve  the  tube  ii  con- 
tfntted,  aad  the  greater  put  of  the  doat  and  ash  oarried  over 
settle  in  it.     It  oau  be  cleared  out  b;  openiDg  the  cover  kl. 
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The  producer  gas  eBospes  nnder  the  conical  valre,  and  is  led 
direct);  awaj  to  where  it  ie  reqiiired  for  erentoal  use. 

In  order  to  break  up  and  eo  fadlitate  the  removal  of  tha 
dross  which  makes  its  way  to  the  lower  part  of  the  generator,  it 
moBt  be  rapidly  cooled.  The  European  Water-gaa  Company 
have  a  circular  trough  of  water,  E,  around  the  lower  part  of  the 
generator,  bat  this  is  hardly  necessary  unless  the  combuatible 
material  used  poEsesses  a  great  percentage  of  ash.  The  openinga 
left  for  the  removal  of  this  ash  are  closed  by  air-tight  Horton 

As  soon  as  the  temperature  has  become  high  enough  for  the 
favourable  prodnction  of  water  gas  (according  to  Bnnte  about 
1200°  C.),  this  first  or  blowing-up  process  is  stopped,  the  oanical 
valve  0  is  closed,  and  simultaneously  a  slide  i,  which  permitted 
the  air-blMt  to  enter  the  generator,  is  moved  so  that  the  air  is 
now  out  olT,  whUe  at  the  same  time  a  tabe  which  serves  to 
conduct  away  the  water  gas  formed  is  connected  on  to  the 
lower  part  of  the  generator.  The  moTements  of  both  the 
valve  O  and  the  slide  s  are  eSected  by  turning  the  wheel  H. 
As  BOOH  as  this  is  done  a  steam  cock  ia  opened  which  allows 
a  steam-blast  to  eotcr  the  upper  half  of  the  generator  at 
D.  This  steam  blast  passes  through  the  eenerator  from  the  top 
to  the  bottom  and  Bo  comee  into  contact  with  coke  at  higher  ana 
higher  temperatures  as  it  makes  its  way  down.  The  water  gas 
escapcB,  throngb  the  opening  mentioned,  in  a  heated  condition, 
and  is  cooled  by  passing  through  a  scrubber  filled  with  coke, 
which  also  serres  to  remove  any  ash  carried  over.  The  material 
is  heated  for  10  minutes  by  air,  then  steam  is  passed  in  for  C 
minutes.  A  generator  holding  600  kg.  coke  will  give  20  cb.  m. 
of  water  gas  in  this  G  minutes  or  80  cb.  m.  per  hoar. 

%  g.  HOT  AIB.    (Monlgomer's  Gas.) 


of  heated  air,  the  light  gaseous  products  of  the  fuel,  and  of 
water  yapour. 

SttUs  tor  LnSating  a  balloon  with  MontgolGer  gas  : 

(1)  The  gas  is  moat  readily  produced  from  straw,  which  must 

bm'n  rapidly  with  a  bright  sharp  flame.  Vines,  roots, 
and  all  materials  giving  off  sparks'  ars  unsuitable, 
although  they  may  generate  a  great  heat. 

(2)  At  different  places  among  the  burning  straw  pieces  of  the 

finest  possible  wool  must  be  thrown  in  order  to  retard 
the  development  of  smoke. 
(S)  Too  much  atraw  must  not  be  lighted  at  once,  bat  only 
small  quantities.     This  must  be  especially  remembeicd 
when-laying  en  mere  straw,  -    
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(t)  TliB  moaOi  of  tha  balloon  will  bo  diiveB  tbont  bj  the 
eamnt  of  ur  doe  to  the  fir«,  to  tlut  it  mnst  be  pro- 
taoted  fTom  the  fira  tad  batoned  down. 

(G)  Tbt  month  mnat  be  ao  amngad  th&t  aJl  the  air  which 
entera  it  passw  bj  the  fire  and  ao  gets  h«*ted. 

g  10.  THE  PBODUOnOH  OF  COAL  QAS. 

Coal  gaa  ia  manofaotured  bj  the  drj  dUtillatioD  of  coal. 

The  raw  nuterial  ia  aabmitled  to  dry  diatillatioii  in  heimeti- 
call;  cloaed  retorta.  The  gaa  begina  to  be  given  off  at  a 
temperature  of  1 00°  C.  At  higher  temperatnrea  mora  gaseoua 
and  easily  volatile  liqaid  hyi»\>oarbona  are  given  oiT,  which 
apUt  ap  into  simpler  hjdrocarbone  at  atill  higher  temperatnrea, 
in  the  preaenca  of  the  carbon.  At  a  white  heat  (1300°  C.)  the 
tnlphur  proMDt  in  the  ooke  is  driven  off,  and  the  puriGcation  of 
the  gaa  thereby  rendered  more  difficult,  ao  that  it  ia  best  to 
maintain  a  temperatoie  of  about  1000°  C,  i.e.  a  bright  red 
beat. 

The  length  of  time  required  for  the  diatillation  is  osnallj 
about  four  houra  for  a  good  charge,  but  for  aofl  ooal  six  hours 
may  be  neceasary.  The  amonnts  and  apecifio  gravities  of  the  gaa 
given  off  at  different  periods  during  the  distillation  ^om 
lOOO  kg.  ooal  in  a  typical  example  were  as  follows : — 

In  the  lat  hour  121  cb.  nt.  gaa  of  apeciGc  gravity,  0*588. 
„       and    „      86  ,,  „  0-410. 

„       aid    „      M  „  ,,  0-827. 

„       *th    ,.      18  „  „  0-268. 

Total,    306  cb.  m. 
The  composition  of  the  ns  at  the  different  stages  of  the 
manufacture  is,  according  to  Dr  Tieftrunk,  as  follows  :  — 


•    Honr  of  distillation.              1 

■1   H   M    ' 

' 

Carbon  monoxide, 
Nitrogen,      .        . 

IS 

82 
0 

S-2 
IS 

12 

72 
8-8 
1-9 

12 
58 
16 
13-3 

1-7 

7    - 

se 
21 -s 
u 

4-7 

0 
20 

60 
10 
10 
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From  this  table  ws  ses  that  the  quality  of  the  ga«  avolved 
in  the  fifth  hotu  u  best  from  the  point  of  view  of  tin  aeronant, 
■iiics  this  contains  the  largest  proportion  of  hydrogen,  and  baa 
oonseqnently  the  greatest  Ufting  power. 

The  00*1  lued  must  be  as  di;  as  possible :  when  moiat  ooal  ia 
Qsed  greater  quantities  of  carbonic  acid  0U  are  alwayi  {ooduMd. 

The  chief  impniities  of  coal  gas,'  leaving  ont  of  ooniidenlion 


11  quantitiM  of  oyani^n  oompounde,  a 

(1)  Oaseoos  carbonic  acid  (0(V 

f2)  Qaaaous  sulphuretted  hydrogen  (SHj). 
8)  Ainmama(HHs). 

The  amount  of  oarbonio  odd  gas  present  in  the  ooal  gaa 
undergoes  practically  no  change  in  ita  passage  thninsh  the 
eondenser^  the  sorabber  and  washing  apparatus,  and  if  iion 
is  used  in  the  procese  of  puiilioation  may  actually  hare,  after 
the  cleansing,  increased  by  lO-lB  per  cent,  of  uie  quantity 
originally  piesent  This  is  due  to  the  action  of  the  ampbatea 
in  the  purifTing  reagents  on  tbe  ammoninm  carbonate. 

The  ammonia  decreases  rapidly  in  amount  from  tbe  hydranlio 
main  onwards.  Tbe  gas  should  not  contain  more  than  S<KGO 
gOL  ammonia  per  1 00  cb.  m.  before  the  cleansing  proceaaes,  if  these 
ue  to  be  earned  on  satislaotonly.  A  little  ammonia  is  added 
doling  tbe  dry  cleansing  process,  but  only  in  the  fonn  of  salU, 
which  are  removed  by  the  meohsnioal  action  (titration)  of  tbe 
cleansing  material,  and  the  last  traces  are  removed  by  combina- 
tion witb  the  Bulph&t«s  preeent  in  the  materials  used. 

(2)  Tbe  hydranlio  main. — This  is  constructed  either  of 
wrooght  iron  or  of  sheet  iron,  and  has  a  cylindrioal  or  a  V-sbaped 
croes  seetion.  The  ends  uf  tbe  npright  tubes  dipping  in  to  tbe 
water  sboald  be  200  mm.  distant  from  the  Soor  of  tbe  main, 
and  should  only  just  be  immeised  20  to  30  mm.  with  au 
sxbaoster,  or  without  an  exhaaster  GO  to  72  mm. ,  according  ts 
tiie  presanre  in  the  gas-holdar. 

The  surface  of  the  liquid  acting  as  the  trap  should  have  at 
Iwst  ten  times  the  area  of  tbe  ends  of  tbe  tubes  dipping  into  it, 

(8)  Tlie  condeniatlon. — The  gas  leaving  tbe  hydraulic  main 
has  a  temperatore  of  from  70° C.  up  to  (rarely)  lOO'C,  and 
must  be  cooled  down  to  a  temperatnre  of  10'  to  20°  C,  wbioh 
MUMee  the  gTe«ter  part  at  the  tar  and  uumouia  to  separate 
out.  In  small  gasworks  a  stationary  tube  condenser  is  the  most 
practical,  i.t.  one  in  which  the  gas  passes  through  a,  number  of 
tnbes  of  160  to  200  mm.  length,  going  alternately  from  the 
bottom  to  the  top  and  from  the  top  to  the  bottom,  and  being 
cooled  by  contact  with  the  walls,  while  tbe  eondeoaation 
products  collect  in  a  vesHel  nudemeath  and  are  removed  t» 

The  horizontal  tnbe  condenser  is  seldom  used  in  modem 
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works,  as  it  is  not  vray  effectlTe  and  is  eaaaij  stopped  np.  The 
most  pnctical  form  of  condenser  for  large  works  is  one  in  wluoh 
the  gas  paeseB  thioaah  the  rmg-shaped  apace  tietween  two 
concentric  cylinders,  which  are  bo  coQstruoted  that  the  distance 
between  the  woIIb  is  not  more  than  75  mm.,  or  at  moat  100  mm.; 
the  inner  cylinder  muat  tie  about  this  amount  less  iu  radios 
than  the  outer  cylinder,  which  has  usiially  a  diameter  of  from 
800  to  ISOO  mm.  The  height  of  the  apparatus  Taries  from 
4  to  10  m.  If  the  temperature  of  the.  air  is  so  high  that  the  gas 
cannot  bo  cooled  below  12°  0.,  it  ahould  be  poBsibla  to  cool  it  to 
this  tempeiatore,  at  least,  by  allowing  water  at  a  temperature  of 
8°  to  10   C.  to  circulate  round  the  oylinders. 

(1)  The  standard  waaher-BCrabW  may  he  relied  upon  to 
remove  the  last  traces  of  ammonia  from  the  gas  and  nimish 
an  excellent  ammonia  solution  for  commercial  purposes. 

A  set  of  thin  metal  sheets  is  contained  in  a  casl-iion  box, 
and  the  gas  haa  to  make  its  way  up  between  the  sheets  against 
a  stream  of  water  Hoving  in  we  opposite  direction.  As  the 
water  and  gas  are  goiue  in  opposite  directions,  the  purest  water 
cornea  into  contact  with  the  purest  gas. 

(5)  The  exhauster. — The  pTeseure  in  the  retorts  increases, 
accordingto  the  rate  of  development  of  the  gas,  and  becomes 
greater  won  that  of  the  external  atmosphere,  causing  con- 
siderable quantities  of  goa  to  escape  through  various  places 
where  the  retort  is  not  gas-tight,  and  also  much  of  the  light- 
producing  part  of  the  gaa  to  be  decomposed  into  carbon  and 
non-luminous  marsh  gas.  This  loss  of  gas  can  be  largely 
prevented  if  the  pressure  in  the  hydiaulic  main  is  kept  at  about 
0  to  10  mm,  below  atmospheriB  pressure,  and  to  aohieve  this 
an  exhauster  is  used. 

The  most  practical  form  is  Besle's  exhauster.  Thi»  makes 
60-100  revolutions  per  minute  according  to  the  rate  of  gas  pro- 
duction, haa  an  efficiency  of  70-80  per  cenL,  and  requires  an 
engine  of  l-2i  horse-power  to  drive  it. 

If  dj  represent  the  diameter  of  the  cylinder,  d^  that  of  the 
drum,  n  the  number  of  revolutions  per  minute,  ig  the  efficiency, 
then  the  quantity  of  goa  sucked  out  by  the  exhauster  per  hour : 
Qu  =  80nu»(rfj"-rf,"). 

The  use  of  iron  and  manganese  salts  as  pnrifiers  has  almost 
completely  superseded  the  use  of  lime.  Originally  calciam 
hydrate  was  employed  in  a  ptilpy  or  powdery  condition. 

Formerly  Laming's  compound  was  used  in  the  iron  method  of 
purifying  the  gas.  It  cousiat«d  of  oxide  of  iron  and  gypsom, 
the  former  to  remove  the  sulphuretted  hydrogen  and  the  latter 
the  ammonia.  Since,  however,  the  chemical  action  of  tiie 
gypsum  is  only  at  best  an  incomplete  one,  and,  mor 
ammonium  salts  are  readily  removed  by  mechanical  n 
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mods  of  purificatioD  has  been  abandoned,  and  now  oqIt  iron 
cotnpouDda  ore  empk^ed,  >  natural  or  artlGcial  hydrated  oxide 
of  iron  being  us«d.  l%is  latter  body  is  known  aa  Deicke's  Com- 
ponnd.  If  thia  compound  is  kept  in  a  fine  granulated  condition, 
and  is  not  heated  too  atronglj  in  the  process  oFreseneratioD,  ho 
that  it  remains  hydrate,  10,000  cb.  m.  of  gas  msybe  purified  in 
the  course  of  a  year  by  1  cb.  m.  of  the  compound.  The  frequent 
addition  of  sawdoat  to  the  mass,  often  adopl«d  to  loosen  it,  is 
not  to  be  recommended,  as  it  onl;  serves  its  parpose  for  a  short 
time,  and  afterwards  merely  aids  the  formation  of  a  solid  im- 
penetrable mass. 

Coal  gas  was  first  applied  to  balloon  work  hy  Green,  the 
celebrated  English  aeronaut. 

The  specific  gravity  of  coal  gaa  varies  according  to  the  amount 
of  heavy  hydrocarbons  present.  It  varies  between  0'370  and 
0'C23.  Vienna  gas,  for  eiample,  has  a  specific  gravity  of  from 
0'48  to  O'iS,  according  to  the  coal  used  in  its  preparation. 

The  Bpecifio  liftinc  power  of  coal  gas,  i.e.  the  lifting  power 
per  cubic  metre,  vanes  from  0  74  to  0-67  kg.  (for  Tienna  gas). 


g  11.  GOHFBESSION  OF  HTDROGEN. 

The  hydrogen  gaa,  well  purified  and  dried,  ia  collected  in  a 
gasometer,  and  anerwards  compressed  by  means  of  a  suitable 
compression  pump,  under  a  preasure  of  from  120  to  200  or  even 
300  atmospheres,  into  steel  cylinders. 

The  compression  pump  (compressor)  (fig.  B)  consists  of  2,  3,  or 
sven  i  compres^OD  cylinders  of  gradually  decreasing  volunies. 
In  3-cylinder  compressors  t^e  first  cylinder  contains  a  pbton 
carrying  a  piston-rod,  wMle  the  other  two  cylinders  are  cod- 
Btruct«d  as  plunge-pumps.  The  Srst  piston,  on  its  upward 
stroke,  sncks  the  gas  from  the  gasometer  through  the  valve  R, 
which  prevents  the  backward  passago  of  the  gas,  and  is  lubri- 
cated by  vaseline  from  the  oil -dropping  arrangement  0. 

On  the  downward  stroke  of  the  jiiaton  the  gas  underneath  it 
is  compressed  and  forced  into  the  upper  [>art  of  the  cylinder  on 
the  other  aide  of  the  piston,  through  the  valve  S.  In  the  neit 
upward  stroke  of  the  piston  this  gas  is  again  compressed,  and 
escapes  through  the  vaJve  S  under  a  pressure  of  about  7  atmos- 
pheres into  the  second  cylinder,  the  piston  of  which  is  just 
starting  to  move  upwards.     The  upward  motion  of  this  second 


the  thiid  cylinder,  which  is  of  much  smaller  cross  section,  and 
is  also  just  now  at  its  lowest  point.  Aa  the  piston  ia  pressed 
back,  the  gas  ia  forced  through  the  valve  D  and  the  cooling  tube 
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E  to  ike  bottom  of  tha  liquid  Bepontor,  wKeni  the  Inbrissting 
oil  oa  vrell  u  ths  mmaindfli  of  tha  moifton  is  oondeniad  ^d  OMl 
be  drawn  off  through  ths  tip  a. 

From  the  upper  part  of  thu  separator  the  high  pmsim  maim, 
to  whioh  a  suitable  muionister  u  attached,  lead  dinctlj  to  the 
steel  cjlindera.  A  pressurs  gaufta  H  is  attaohed  to  the  top  of  saeh 
cylindfir,  to  whioh  are  also  fixed  suitable  safety  yalree  (St) ;  the 
whole  of  these  valres  and  tubes  are  cooled  bj  r       ' 

""  '  ■       -      -  ■'       ■  ■      ,  coDMsta  of  leath(_ 

f  to  drive  a  S'CjUnder  ei 


The  leather  stripe  last  usually  ten  to  fourteen  days,  and  need 
ft  conaiderfthle  quantity  of  oil. 

The  cylinders  are  either  made  of  seamless  tubes  after  Hannet- 
niann'a  pattern,  or  of  steel  treated  by  Ehrhard's  procesa.  The 
former  are  made  out  of  either  bard  or  mild  steel,  having  a 
breaking  tension  of  60  hg.  per  1  sq.  mm. ,  and  will  stand  a  work- 
ing pressure  of  about  200 1^.  per  1  aq.  mm. ,  while  the  latter  are 
cheaper  and  only  intended  to  bear  pressures  of  from  120  to  160 
atmospheres. 

The  bottom  of  a  Mannesmaan'a  cylinder  ia  made  of  wroMht 
iron,  while  the  neck  is  strengthened  by  a  steel  ring  sweatMOn 

Every  cylinder  is  provided  with  suitable  fittings  (valve,  etc). 
These  are  constructed  of  bronze,  and  close  the  opening  of  the 
cylinder  either  1^  means  of  a  celluloid  or  fibre  oone,  which  is 
pressed  down  against  the  pressure  of  the  gas  with  a  tight-fitting 
screw,  or  the  presauro  of  the  gas  itself  in  combination  with  a 
suitable  screw  is  used  t«  close  ths  aperture,  which  latter  arrange- 
ment has  the  advantage  that  even  if  the  acrew  of  the  valve  is 
shaken  during  the  course  of  a  journey,  the  whole  still  remaina 
tight  Gas  cylinders  intended  t«  hold  gas  at  200  atmospheres 
preas-ure  ahoiUd  stand  a  pressure  of  450  atmospheres  or  a  ccn- 
tinaed  pressure  of  4D0  atmospheres  without  bursting.  The  test- 
ing ia  effected  by  means  of  cold  water  pressure. 

g  12.  TEE  TSFLKTIOS  OF  BALLOOiraL 

(a)  Out  of  cylinders  of  compressed  gas. 

(b)  Directly  &om  the  gas  producer  in  the  caae  of  hydrogen, 

or  out  of  a  gssoineter  in  the  case  of  coal  gas. 

(a)  This  method  ig"  usually  ado])ted  by  military  authorities, 
and  invariably  when  it  is  inconvenient  to  use  a  gas  manu&otDring 
apparatus.  It  is  also  used  when  it  is  advisable  to  inflate  the 
balloon  in  the  ahort«at  possible  time,  or  where  it  is  desired  to 
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have  the  balloon  ready  to  be  gent  off  at  some  particnlar  moment 
(for  a  high  ascent,  for  example)  This  raatbod  of  inflating  the 
balloon  may  also  be  used  with  advantage  when  it  is  not  possible 
to  anchor  the .  balloon  after  it  haa  been  infiated. 

(b)  In  usiiiK  coal  gaa,  it  is  advanWeoaa  to  have  a  speoial  pipe 
leading  directly  to  the  gasometer,  and  t«  inflate  the  balloon  m 
near  as  possible  to  the  gasometer. 

Let    if=the  diameter  of  the  gaa  pipe  in  mm. 

h  —  the  pressure  of  the  gaa  in  mm.  of  water. 
I  =  the  length  of  the  pipe  in  metrcB. 

the  apeciGc  gravity  of  the  gas  with  respect  to  air. 


Example  l.~Find  the  hourly  carrying  capadl?  of  the  o 
aection  of  a  tabe  for  which 

i=  1000  m, 
rf=  600  mm. 


Substituting  these  values  in  equation  I  we  get 

Q-00022648 ■  600'  .  /Aij_!5? 
V  0-4.  100 
=  3849'6 

or,  approximately,  S8G0  cb.  m. 
Table  IX.  gives  Q  =  3850  cb.m.  for  the  above  values. 

Sxaniple  2.  A  balloon  of  1500  cb.  m.  contents  must  be  filled  in 
li  hours.    The  gas  has  a  apecific  gravity  J=0'4,  and  is  under  a 
presaure  of  IG  mm.  of  water.     If  the  shortest  pipe  possible  has  a 
lei^tb  1  =  1000  m.,  find  its  smallest  allowable  diameter. 
The  formula  2  gives 

rf  =  ll-44S  j/— 


/lOOO'.  0-4.1000 


since  Q,  the  honrly  quantity  passing  any  cross  section,  must  b 
_1600    cb.  m.  _  1000  cubic  metres 
~  1-5       hour  ~  hour 

From  this  it  follows  that  !£  =  340-0  mm. 
From  Table  IX.  we  find  if =350  mm.  for  the  above  valDoa. 
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In  oalcnlations  u 
lae  tb«  form 
a  Pipes  "). 

(S)  Q  =  1860d>,y^. 

In  this  formula 

Q  =  the  nnmber  of  cubic  fmt  of  gaa  per  hour  posdng  through 

the  pipe. 
if = the  diatuetor  of  the  pipe  in  inches. 
A=t]te  prcBfiure  of  the  gas  in  inches  of  water. 
i=the  length  of  the  pipe  id  yards. 
>=the8peeificgnTit7  of  the  gaa  with  respect  to  air. 
RnampU  8.— Calculate  Q  fot  a  pipe  I2GI)  jards  long  and  10 
inches  in  diameter,  for  gas  of  apeoiflc  gravity  *=^fl'i  under  a 
pressure  of  2  inches  of  water. 
Substituting  these  values  in  equation  3  we  get 

Q  =  1850.10'x/~7°-^    =  27,000  $^. 
V  0-4.1250        '        hour 

Table  IX.  (see  Appendix)  gives  the  hourly  cspscit;  for  a  gas 
orBpeci&CKravitj3=0'4  for  wues  of  I  ttom  2G  m.  to  3000  m., 
and  for  values  of  d  from  40  mm.  to  1000  mm.,  for  a  pressure  of 
15  mm.  of  water. 

UseofToblelX.  : 

(a)  Id  order  to  solve  example  1  with  the  aid  of  the  table,  we 
look  down  the  column  headed  600  mm.  until  we  cone 
to  the  line  marked  1000  at  the  left-band  side,  where  we 
End  the  oomber  3850,  which  gives  the  hourly  earacih. 

(J)  If  w^  want  to  find  tbe  hourly  cairyiDg  capacity,  Q,  of  a 
pipe  for  gas  of  any  density  ^j,  with  the  nelp  of  Table 
IX,,  we  must  multiply  tbe  number  obtained  from  the 
table  for  s—O'i  by  the  square  root  of  O'l,  i.t.  by 
0'6235,  and  divide  by  the  square  root  of  the  given 
density  »,  of  the  g»a,  i.e.  we  must  multiply  by 


W 


/0-4    0-a32E. 
rjing  ca 
Q.=Q*,;or  _ 
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II  Eiomple  1,  ezoept 


-V.^.-»« 


From  Table  IX..  if  «=0'4,i  =  10OOm.,i  =  S0Oni 
Q=3860, 
then  lirom  equations  <B)  and  (6)  for  s  =  0-46 

Q,  =  0-BS25.3850ob.  m. 
=  8590  cb.  m. 


ure  KL  mth  the  fislp  ot  Table 
jpecitic  gmvity  of  the  gas  with  respect  to  air 
[)-4,  we  find  the  capacity  Q  for  the  gua  ander 
9  k  =  lb  mm.  water,  and  multiply  Q  by  the 
ot  of  the  giyan  pleasure  A,  divided  by  the 
>tofl5(  =  8-878),  i.e.  we  multiply  Q  by 


SmmpU  5. — Given  the  same  data  as  in  Example  1 
that  11=18  mm.,  find  the  hoarly  carrying  capacity  Qg. 
From  Table  IX.  we  get  for  the  Tallies 


According  to  equation  (S)  we  must  multiply  this  value  for  Q 
^T  ■    „ 

fci=\/^  =1-096. 

when  weget  Qj=l'0B5.  3860  =  4216  cb.  m. 
(rf)  IfwB  require  the  hourly  carrying  capacity,  (J^  of  a  pipe  for 
a  gas  of  any  given  density  s,  under  any  gLven  preaaure 
h^  we  must  multiply  the  vaius  Q  taken  from  the  table 
which  is  calculate  for  h  —  l5  mm.  and  a  =  0'i  by  the 
coefficient  kj  (see  equation  i)  to  compensate  for  the 
difference  in  the  density  of  the  gas  from  0  "4,  and  by 
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the  coefficieat  k^  (s«e  equation  7)  to  oompeiiBaU  for  the 
difTerence  in  the  pressure  of  the  gas  from  IG  mm. 
We  have  also  (i3=h,k^<i~legQ,  where 

and  

(,0)         «,  =  i,Q.^»_«i.«  =  ..I..^|«. 

EaimpU  6.— Qiven  the  data  of  Example  1,  except  that  rf=^0-46 
andA  =  20»m.,  findQ. 

From  Table  IX.  wB  find  Q  =  3860  (as  in  Example  1). 

From  Table  X.  wefind  thesqnareroot  of  (j,  =  V0'fS  =  0-67e2. 

From  Table  XI.  we  find  the  aqnare  root  of  Aj  =  V20  =  4'*721, 
therefon 


S  13.  DETEBHIHATION  OF  THE  DENSrTT  OF  A  GAS. 

This  ia  found  by  accurately  weij^ing  a  known  volume  of  the 
gas,  taking  iato  account  the  tempeisiture,  barometric  pressure, 
sod  relative  humidity  of  the  air  displaced. 

(1)  Ordinuy  meUiwL — The  apparatus  consists  of  a  glass 
sphere  of  about  10  litres  capacity  with  two  etop-cocka  situated 
at  oppoeite  sides  of  the  sjjhere,  a  good  air  pump,  and  a  very 
sensitive  balance.  The  weighing  room  must  be  provided  witb  a 
barometer  and  thermometers  to  read  the  temperatures  both  of 
the  air  and  the  gas. 

Method  of  uting  the  ajipariiiii*.— Both  stop-cocka  are  fitBt 
opened,  whereby  the  glass  sphere  is  filled  with  air  at  the  same 
nrometric  pressure  and  temperature  as  the  external  air. 
The  sphere  is  weighed  in  this  condition  and  the  weight  O 

The  glass  sphere  is  now  connected  by  means  of  one  of  the 
stop-cocks  t«  Uie  pump,  the  other  stop-oock  ia  olosed,  and  the 
veuel  is  exhauBt«d  as  far  as  possible.  After  the  second  stop- 
cock has  been  closed  the  pomp  is  disconnected  and  the  vessel 
again  weighed.  If  the  sphere  now  weighs  say  13  gm.  less  than 
before,  this  diflerenoe  represents  the  weight  of  the  air  removed. 

The  sphere  is  now  connected  by  a  glass  tube  leading  to  tbe 
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lehjipottieti- 


I'B  gm.  repraaentB  the  weight  of  hjdrDKBn  in  the  Bpbere. 

In  order  to  obt&in  the  density  of  the  gaa  with  respect  to 
ur,  it  13  only  necessary  t«  divide  the  weight  of  the  gas  by  the 
weight  of  l^e  aii  it  displocee  j  the  quotient  repra 
specific  gravity  of  the  gas  with  respect  to  air.  lutueb 
cal  cue  taken  this  is^^OllS. 
(2)  Dr  Iietbeby'B  method. ~Dr  Letheby'a  apparatus  couBula 
of  a  similar  dIbbs  sphere  a,  (see  fig.  6],  of  about  IS 
to  20  cm.  diameter,  to  which  are  attached  two 
stop-oocks,  b,  b.  A  glass  tabe,  /,  abont  1  'S  cm.  in 
diameter  and  20  cm.  long  is  connected  to  one  of 
theae  taps,  and  has  a  burner,  d,  fixed  at  the  other 
end.  A  tbennometei',  c,  is  placed  inside  the  tube 
in  order  to  determine  the  temperature  of  the  gas. 
A  piece  of  gas  tabing  is  connected  to  the  oUier 
step-cock,  and  the  gas  is  allowed  te  stream  through 
the  apparatus  and  bum  at  the  upper  end.  The 
\  exact  weight  of  air  which  the  vessel  will  hold  )a 
^1  inscribed  on  it.  A  counterpoise,  exactly  equal  to 
"w  the  weight  of  the  glass  sphere  when  evacuated,  is 
'  also  provided.  If  we  require  to  determine  the 
density  of  the  gas,  we  close  the  lower,tsp  first,  and 
immediately  afterwanlB  the  upper  one,  closing  the 
step-cocks  in  this  order  so  as  to  ensQre  that  the 
pressure  of  the  gas  in  the  sphere  is  that  of  the  ei- 
temal  air,  and  not  that  of  the  gas  in  the  tube, 
which  would  otherwise  be  l^e  case.  The  sphere 
ia  now  laid  upon  a  balance,  the  counterpoise  being 
laid  in  the  other  pan  of  the  balance.  A  certain 
number  of  grama  must  now  he  placed  ld  the  pan 
containing  the  sphere  in  order  to  bring  the  beam 
into  a  horizontal  poaition.  If  we  Snd,  for  ex- 
ample, that  a  compensating  weight  of  IS  grains  ia  reqtiired, 
this  is  then  the  weight  of  the  gas.  If  the  weight  of  the  air 
required  to  fill  the  sphere  is  35  grains,  then  the  density  of  the 
gas  with  reapBct  toair  is-1- =0'429. 

In  snch  determinationa  the  volume  of  the  gas  moat  be  corrected 
for  temperature  and  pressure  ;  and  the  moisture  present  ia  all 
giiBes  which  comss  into  contact  with  water  must  be  allowed  for. 

For  these  corrections,  see  §|  5  and  9  of  the  section  on  ' '  Tha 
"hysical  Properties  of  Gases." 


TBCBNOLOOr   0¥   QABE8  Zt 

J 3)  Wrlghfa  msthod  (fie.  7)  consists  in  wsighing  ft  light 
loon  of  1  cnbic  foot=2'S82  litres  Cftpscity 

to  which  a  Bcole  pan  is  attached.  The 
method  of  ezperauent  is  as  followe :— The 
balloon  is  first  freed  from  all  air  bj  preas- 
ing  it  flat,  and  is  then  weighed  alone  with 
the  scale  pan.  It  it  now  iuSated  with  km, 
corked  up,  and  small  weights  are  added  to 
the  pan  until  the  balloon  just  Qoats  in 
equilibrium.  The  number  of  grams  re- 
quired to  bring  this  about  is  now  added  to 
the  weight  of  the  balloon,  and  the  total 
lifting  power  of  the  gas  thas  obtained  at 
the  pressure  sod  temperature  of  the  waigh-  cio.  7. 

ins  room. 
Since  the  lifting  power  is  given  by  the  formula 
T  =  Va(l-d)-G, 
the  density  (d)  of  the  gas  with  respect  to  air  is  given  by 

Va   • 

T=  the  lifting  power  measurMl  in  grams. 
0  =  the  weight  of  the  balloon  and  scale  pan  in  grams. 
T  =  theTolDmeof  the  balloon  in  litres. 
a  =  the  weight  of  one  litre  of  air  in  the  weighing  room,  which 
can  5b  calculated  from  the  formula 
^_     1-3836 

where  b  is  the  barometric  pressure,  t  the  temperature  iu  '  C, 
B=O'0OS6fl6  the  coefficient  of  expansion  of  air. 

&xnnpU. — To  find  the  density  of  the  gas,  given  the  follow* 
ing  particulaiB : — 

Contents  of  the  balloon,  V  =  IOD  litres. 

The  combined  wetf;ht  of  the  balloon  and  scale  pan  G-66  gra. 

Its  lifting  power  T-- 18  gm. 

Tlie  temperature  of  the  room  t  =  15°  C. 

The  barometric  pressure  =  740  mm. 

From  these  data  we  Bnd 

a=  ^•^'""'^^« =1-183  8^^  . 

(X  +  0-003665xI6)x7eo  litre    ' 


38         POCKET  BOOK  OP  ABBONAnTICS 

(1)  Qi&rd'B  tuetliod  Ib  similar  to  the  one  deBcribed  ftbove, 
eioept  that  in  GiBsid's  amngement  the  weighing  is  Automatic, 
the  balloon  carTying  a  chain  consiitiog  of  loops  of  egmil  known 
weights,  which,  when  fiiU,  it  partially  raises  from  the  grouod. 
By  simplj  counting  the  number  of  loops  raised  by  the  balloon  and 
"      —  'o  their  weight  that  of  the  balloon  itself,  we  gel  the 


lifting  pow< 


iz'fl  gas  balance  depends  on  Archimedes'  principle.  It 
uuuHisui  of  a  balance  beam  to  one  end  of  which  is  attached  a 
glass  sphere,  wbile  the  other  end  carriea  a  pointer  together 
with  a  counterpoise  weight  The  beam  ribr»t«s  between  two 
concave  stop-cocka  in  a  sort  of  fork,  which  is  screwed  down  to 


Ls  of  which  the  vessel  can  be  filled  with 


:ates  by  mi 


no  8.— lui  s  gas  balance 

similarly  in  connection  with  a  tube  leading  into  the  sphere  and 
Berves  aa  an  exit  for  the  gaa. 

The  pointed  oounteqioise  moves  along  a  scale  attached  to  a 
suitable  arm. 

Method  of  iuing  the  ajipamlMS. — When  the  sphere  is  filled  with 
ail  the  counterpoise  ia  adjusted  so  that  the  pointer  reads  1.  The 
gaa  to  be  investigated  is  now  led  Into  the  sphere  by  means  of 
ga(-tight  tubes ;  thia  causes  the  sphere  to  move  upvrardB  for 
^ses  lighter  than  air,  and  the  pointer  points  to  a  number  on 
the  scale  leas  than  1.  This  number  gives  directly  the  density  of 
the  ESS  with  respect  to  sir. 

(fl)  Biinaen's  apparatus  depends  on  the  principle  that  the 
velocity  (v)  of  diffuaion  of  a  gas  through  a  Bmall  orifice  at 
a  constant  temperature  varies  as  the  square  root  of  the  density 
of  Uie  gaa,  and  is  directly  ]iroportiona1  to  the  difference  of 
pressure  between  the  two  sides  of  the  orifice. 
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fioe,  ve  obtain  their  relatire  densities,  s,,  Sj.     Yvivt  the  ftbov« 
IbmiQlB  we  Bboll  hsve 

whenoe 


.Google 


TEE  PHTSICS  OF  TEE  ATMOSFEEKE. 


(a)  Oonititneiits.  —  The  stmoephere  of  the  eartli,  reaching 
certainly  to  a  height  of  more  Uian  300  km.,  ia  a  miitnre  of 
78  parts  b;  volume  of  nitrogen,  21  of  oxygen,  and  1  of  argon. 
Besides  these  there  are  present  varying  qotiDtitiee  of  carbon 
dioxide,  about  O'OS  per  cent. ;  of  ammonia,  about  0-000008  per 
cent.;  and  of  snudry  other  gasea,  but  above  all  of  aqueous 
vapoar,  up  to  S  per  cent. ;  and,  lastly,  solid  particlea  of  organic 
and  inorganic  matter.  Tbase  latter  are  present  in  an  extremely 
finely  anbdividod  state  everywhere  nu  tfl  a  certain  height, 
generally  in  enonnons  numbers.  Aitken  found  as  many  as 
210,000  such  dust  particles  per  cubic  cm.  in  the  air  of  Paris, 
140,000  in  London,  170,000  in  Glasgow,  104,000  on  the  Eiffel 
Tower,  and  14,100  on  the  summit  of  Ben  Nevis  (where  the 
height  ie  snch  tltat  the  number  rapidly  approaches  zero  as  we 
rise  farther).  The  number  ia  Tory  variable  from  place  to  place, 
and  still  more  variable  with  the  time.  Bo  obsarvatious  on 
the  number  present  in  the  free  atmosphere  have  as  yet  been 

{b)  Phyaiwl  propertiM. — Air  is  one  of  the  so-called  perma- 
nent gases,  and  pOfSeBses,  therefore,  all  the  physical  properties 
of  these  gases,  we  will  add  a  few  further  particulars  to  those 
given  in  Chapter  I.,  which  dealt  with  the  relations  between 

Eressuie,  volume,  temperature,  and  density,  and  with  specific 
eats.  We  will  write  the  fundamental  cl^racteristic  equation 
for  air  (from  Charles  and  Boyle's  Laws)  in  the  form 

(1)  £^'=»-2.-!7. 

The  conductivity  for  heat  of  air  is  very  small,  only  about 


TBK  PHXSIOB   OF  THK  ATM08FHKS1  41 


T^  that  of  iron,  and  ie,  tor  the  ph^oi  of  the  ntmoephi 
neiilieible.    The  convectlan  of  hest  ariiing  from  the  npTi 
:,  and  therefore  lighter,  air,   the  dt 


a 

ward  moTement  of  cooler,  snd  therefore  hearisr,  air,  and  the 
movemente  in  a  horizontal  direction  (the  wind),  plajs,  on  the 
contrary,  a  moat  important  r61e. 

Air  is,  like  all  fpaea,  more  or  leas  transparent.  The  opacity 
depends  not  only  on  imporitiea,  such  as  dost  particles  and 
drope  of  water,  bnt  also,  even  if  the  air  is  perfectly  pare,  on  the 
presence  of  masses  of  tur  of  different  temperataies,  posseasiiig, 
therefore,  different  densitiee  and  refractive  indices.  The  be- 
hanonr  of  the  atmosphere  with  respect  to  the  snn's  tsdiation  is 
M  follows :— The  total  radiation  is  diminished  in  its  passage 
through  the  atmosphere  by  diffuse  refiection,  the  different  i^s 
being  diminished  in  intensity  by  different  amounCa,  the  violet 
rays  most  and  the  red  rays  least,  the  transparency  decreaaiug 
with  the  wave-length  of  the  rays.  The  intensity  of  the  red  light 
ii  dimiaished  to  SS  per  cent,  of  its  value  above  the  atmosphere, 
orange  to  87  per  cent. ,  bine  to  74  per  cent ,  and  violet  to  Bl  per 
cent,  (mean,  83  per  cent.)  in  passing  through  the  atmosphere 
when  the  ann  is  at  the  zenith  (Abnej,  "  Tranamisaion  of  Sun- 
light through  the  Atmoaphere, "  Phil.  Tram. ).  When  the  sun 
is  nearly  on  the  horizon,  and  the  path  to  be  traversed  in  the  air 
is,  therefore,  longer,  the  red  light  is  diminished  to  76  per  cent 
'"'ts  value  above  the  atmosphere,  orange  to  4B,  blue  to  18,  and 


becomes  consequently  richer  and  richer  in  red  rays  the  lewei  the 
sun  sinks  (ef.  red  sun  on  horizon).  As  the  sun  rises,  on  the 
contrary,  the  blue  ravs  increase  more  rapidly  than  the  red. 

Besides  this  general  absorption,  the  atmosphere  absorbs  certain 
rays  completely  (absorption-lines  and  bands),  very  few  in  the 
visible  part  of  the  spectrum,  bat  a  great  number  in  the  infra- 
red, consistinD  of  dark  or  heat  rays  of  great  wave-length 
(Langlej).  This  selective  absorption  is  mcreaaed  by  the 
preeenoe  of  carbon  dioxide  and  aqueous  vapour  in  the  atmoa- 
phere (e.  Angstrom  and  Pasoben,  IFUd.  Jnn.,  vols.  39,  51,  52). 


The  high  temiieratnre  of  the  interior  of  the  earth,  which  is 
jiTopagat^  to  the  surface  by  conduction,  is  not  qnite  without 
indnence  on  the  absolute  temperature  of  the  atmosphere  (about 
0'1°C.),  but  it  has  no  influence  at  all  on  the  alteratioDs  of  tem- 
perature which  take  place,  unoe  it  is  constant  in  value.    The 
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hoat  reaching  the  earth  tiom  the  moon  ia  scarcely  meaBarable 
(  <  rBi^mir  ^B  ioh'b  h«at),  unce  the  tempeiature  of  its  lurface, 
even  at  fi^l  moon,  is  aolj  0°  C.  according  to  Lanxlej  ;  its  vom- 
tions  are  thereTore  quite  negligible.  The  effect,  also,  of  the  com- 
Miled  radiation  from  the  stars  ia  immeasuiablj  snuill.  lastly, 
the  radiation  of  the  heavens  from  outside  the  atmospbeie  can  be 
at  the  highest  onlj  negative,  since  the  temperature  of  svace 
ought  to  lie  near  to  the  absolute  lero  of  temperature, — 273°  C, 
The  source  of  heat,  to  which  all  meteorological  phcDomena  are 
ultimately  to  be  traced,  must  finally  be  tie  heat  of  the  sun. 

The  chief  workers  on  the  radiatiou  of  the  sun  have  besn 
Pouillet,  Violle,  Crova,  and  I^ogley.  It  is  only  in  the  most 
recent  times  that  sufficiently  accurate  instruments  (actinomBters 
or  pyrheliometers]  have  been  devised  for  its  absolute  determiiu- 
tion,  the  beat  being  that  of  Angstrom -Chwolson  (Chwolsou, 
AklTnomd^.  OnUriuchwtgeji  tut  Zimsfrutd'on  eine$  PyrKelio- 
mtters  ;  and  Angstrom,  IntensiUdt  la  radiation  tolairt),  though 
in  balloon  ezpemtions  Arago- Davy's  actinometer  (a  black  biub 
thermometer  in  a  vacuum)  has  been  up  to  now  chieHy  employed, 
but  givea  at  beat  only  relative  values. 

According  to  the  measuremeota  and  calculations  hitherto 
carried  out,  the  sun,  shining  at  perpendicular  incidence  an  the 
earth's  surface,  the  atmosphere  Wing  removed,  would  give  2  'G 
units  (3  according  to  Langley)  of  heat  per  square  centimetre  i>er 
minute,  which  would  melt  in  a  year  a  thickness  of  ice  of  45  (or 
a,  assuming  Idngley'a  estimate]  metres.  The  temperature  of 
the  son's  anrfacewo&B  out  from  this  to  be  6000°  to  8000°  C. 
(Scheiner,  StraMwig  und  Temperalur  der  Sonne,  1S9»). 
Nothing  definite  is  kuown  concerning  the  alteration  of  the 
temperature  of  the  sun,  or  of  the  solar  constant,  with  time. 
Owing  to  the  varying  altitude  of  the  sun,  and  consequent 
alteration  in  the  angle  at  which  the  sun'a  rays  alhke  the 
earth'a  surface,  the  strength  and  duration  of  the  illumination 
altera  in  a  known  manner  according  to  the  time  and  place. 

The  total  yearly  radiation  decreases  slowly  at  firat  as  we  go 
from  eqnator  to  pole,  then  in  our  latitudea  more  rapidly  and 
afterwards  more  slowly  again,  the  total  radiation  at  the  pale  being 
]^ths  of  that  at  the  equator. 

The  tetal  doily  radiation  decreases  at  the  equinoxes  in  a 
similar  manner,  i.e.  seemingly  regularly,  as  we  proceed  from  tbe 
equator  to  the  pole  ;  at  the  summer  solstice,  on  the  contrary, 
when  the  illumination  is  zero  from  the  south  pole  up  to  latitude 
68°,  it  increases  from  this  point  up  to  the  eqnator,  and  beyond 
up  to  latitude  1S°,  where  it  is  a  maximum,  and  beyond  tbia 
beoom«e  somewhat  smaller  np  to  62°  N.  latitude,  beyond  which 
it  again  increases,  reaching  tbe  principal  maximum  at  the  north 
pole,  where  it  is  abont  one-third  greater  than  at  the  equator. 
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The  opposite   holds   true,   of  eoarae,  at  the   winter   solatice 
(Wiener,  Vber  der  Starke  tUr  Beitrahlung  dor  EnU  dureh  dit 
Sonne). 
The  Binoant   sod  distribution  of  the  bud'b  heat  described 


3  bright  days,  these  showing  rapid 
and  large  variatioiig. 

The  maxima  were  found  to  occur  before  middaj,  and  tA 
have  their  graatest  value  in  April  and  May,  their  smallest  iu 
December.  Taking  the  mean  of  all  the  daily  values,  July  is 
found  to  have  the  greatest  quantity  of  heat  and  December  the 
least  We  have  not  aa  yet  got  a  precise  knowledge  of  either  the 
variation  with  time  or  place  of  the  strength  of  the  sun's  radia- 
tion on  the  earth's  surface,  but  calculations  made  by  Angot 
{Becherchea  t/Uoritiqaes  sur  la  distribvHon  de  la  ehaUur)  give  us 
an  approximate  review  of  the  distribution. 

A  portion  of  the  total  ladiation  of  the  sun,  which  wotild 
otherwise  reach  the  earth's  surface,  gets  lost  by  reflection 
at  the  upper  surface  of  the  atmosphem  and  at  the  surface  of 
clouds,  another  part  is  absorbed  by  the  atmoepbere  itself,  and 
lastly  part  is  Qilfuaed  in  the  atmosphere  (ditliise  daylight). 
Some  part  of  this  last,  however,  ultimately  finds  its  way  to  the 
earth's  surface,  since  the  diffuse  heat  radiation  of  the  atmoBjihore 
forma  about  a  tenth  of  the  solar  constant.  In  spite  of  this  the 
radiation  of  heat  away  from  the  earth  into  the  clear  aliy  ia 
greater  both  by  day  and  by  night  than  the  radiation  received 
(Homfin,  Der  tdgliau  IVdmwumsaix  im  £odea  und  dit  Warme- 
strahlung  ximaehen  Himmel  wad  Erde),  and  it  is  only  when  the 
heaven  ia  cloaded  over  that  the  reverse  can  occur. 

The  effective  radiation  of  the  sun  brings  about  a  corre- 
sponding heating  of  the  eartb'9  surface  itself,  which  is  diminished 
and  delayed  as  it  prwresses  downwards  below  the  surface,  and  it 
is  from  the  surface  of  the  earth  tliat  the  layer  of  air  surrounding 
it  receives  its  heat  and  is  kept  approximately  at  the  tempeta- 
tore  of  the  ground,  so  that  the  neat  appears  to  be  due  to  the 
warmth  of  the  earth  and  not  to  the  sun.  The  heating  of  the 
atmosphere  is  thos  not  caused  simply  by  the  direct  influence 
of  the  son's  rays,  but  is  modified  by  other  factors  ;  the  tempera- 
tnre  distribution  in  the  lower  strata  of  air,  which  is  dealt  with 
more  fully  in  works  on  olimatology,  is  therefore  a  very  complex 

Above  all,  the  presence  of  aqueous  vapour  in  the  atmosphere 
and  the  variation  in  the  nature  of  the  earth's  sarbce  at  differ- 
ent places  (in  both  form  and  colour),  in  combinaHon  with  the 
rliarities  shown  by  ai]ueoua  vapoar  and  by  water  itself,  cause 
greatest  irregularities.     Fur  the  better  understanding  of 
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To  wftrm  1  cb.  m.  water  1°  C.      t«qiures    1000  niiitB  of  heat 

(kilogram  calorie*) 
To  w«rm  1  cb.  m,  earth  1°  C.  „    300-600  „ 

To  evaporate  s  layer  of  water  1 

mm.  in  thickness  per  sq.  m. 

ofBurface  ,,  600  ,, 

To  melt  a  layer  ol  ice  1  mm.  in 

thicknesBpersq.m.ofsuirace      ,.  79  „ 

To  warm  the  colqmn  of  wr  rest- 
ing on  I  sq.  m.  of  the  earth's 

sorfaosrC.  ,,  2464  ,, 

To  warm  1  cb.  m.  of  air  (at  0°  C. 

aod  at  a  constaot  pteasnre 

of760mm.)rC.  „         0-307 

The  heat  which  is  being  continuQualy  radiated  from  the  ann 
to  the  eartJi  and  its  utmosphere  might  be  expected  to  catise  an 
increase  in  their  temperatures.  No  such  increase  haa,  how- 
ever, been  detected  even  in  the  course  of  centnries,  and  at  each 
eorresponding  period  of  the  year  the  temperature  is  the  same. 
From  this  it  follows  that  the  whole  of  the  heat  is  lost  again 
by  radiation  intfl  space,  eicejit  tor  the  amall  fraction  which  is 
transformed  into  other  forms  of  energy,  e.g.  coal  which  is 
produced  from  vegetation  { von  Bezold,  Der  tfdrmeaitsla'usck  an 
der  Erdober^he  und  in  der  AtmoaphiiTe,  1882). 

§  3.  PBESSUBE  OF  ATH08PEEBE. 

Every  body,  including  the  air  itself,  exists,  under  normal 
eonditioDB,  subject  t«  a  pressure  equal  lo  that  of  the  column  of 
air  situated  vertically  above  it,  and  supports  this  weight. 

Since  the  preaaure  is  eieited  eqnoliy  on  all  sides  it  is 
usually  not  detectable,  but  it  is  immediately  noticed  if  the 
pressure  on  any  side  of  the  body  Ja  removed  or  diminished. 
For  example,  if  we  break  open  the  lower  end  of  an  evacuated 
glass  tube,  closed  at  its  upper  end,  under  mercury,  the  mercury 
will  forthwith  rise  in  the  tube  until  it  eierciaes  a  pressure 
equal  to  that  of  the  air  pressing  on  the  exposed  surface  of  the 
mercury.  The  pressure  of  this  column  of  mercai^  balances  the 
pressure  of  the  column  of  air  above  it  The  height  varies 
Bocording  to  the  time  and  place,  hut  is  normaUy  — 76  cm. 
Takine  int«  account  the  specific  gravity  of  mercury  (13'59t)), 
we  fino  that  this  corresponds  to  a  preesure  of  10,333  kg.  per 
iqmkre  metre  (normal  atmospheric  pressure).    The  pressure  of 


THB   PHV8I08  OP  THB   ATMOSPHXBE  45 

the  air  is  genenllj  eipreeged  by  the  height  of  ths  carrMponding 
coliUDU  of  mercurj  (nHuallj  in  millimetreB). 

The  abore  amngement  with  a  measuring  scale  ia  a,  tjrpe  of 
meicQiy  barometer,  an  inatrument  which  le  bailt  in  variook 
rorms  according  to  the  parpoee  for  which  it  ia  to  be  naed.  In 
the  aneroid  barometer  the  alterations  in  the  sag  of  the  thin 
elastic  cover  of  an  evacuated  metal  box  (Vidi)  coneeqoent  apon 
the  change  in  the  eitenwl  air  pressure,  or  io  the  diatanoe 
between  tne  two  ends  of  a  highly  evacuated  spiral  tube  (Bourdon), 
ia  noted,  magnified  by  a  Hystem  of  levers  and  made  visible  by  a 

r'ater  attacked  to  a  suitable  scale  which  must  be  calibrated 
,  comparison  with  a  mercury  barometer. 

Instruments  which  record  continuonsly  the  pressure  of  the 
air  are  called  barographs.  In  obsorvataries,  delicate  baTf^raphs 
are  required,  recoraiug  the  Bbsulute  pressare.  For  balloon  work 
Richard's  barograph  is  very  convenient  and  satisfactory,  but  it 
must  be  compared  from  time  to  time  with  a  mercury  barometer. 
The  movementa  of  an  evacuated  metal  box  under  the  influences 
of  changes  in  the  pressure  are  magnified  by  levers,  and  are  re- 
corded by  a  pen  on  a  strip  of  paper  which  revolves  around  a  drnm 
turned  at  a  uniform  rate  by  clocliwork. 

Since  the  boiling  point  of  water  variee  !□  a  definite  manner 
with  the  pressure  (bemg  100"  C.  at  780  mm.  pressure,  95°  at  634 
mm.),  an  accurately  miduated  boiling-point  thermometer  can 
be  used  to  determine  the  pressare  ;  only,  however,  under  certain- 
special  precautions  for  balloon  work. 

At  9ea  level  the  variations  of  the  atmoapherio  pressure  at  any 
one  place  never  exceed  BO  or  90  mm.,  the  lowest  pressure  ever 
observed  (reduced  to  sea  level)  being  38B  mm.  and  the  highest 
809  mm.,  the  greatest  vaiiation  being  therefore  121  mm.  He 
mean  of  the  pressure  over  a  long  period  of  time  varies  very  little 
at  different  places  (a  few  mm.  perhaps)  from  780  mm.  It  is 
relatively  low  at  the  equator  (758),  increases  up  to  latitude  30' 
(763,  or,  on  the  aea,  765),  and  then  decreases  towards  the  poles, 
the  decrease  being  very  rapid  in  the  sonthern  hemisphere  (the 
mean  pressure  being  in  latitude  60°,  only  743),  and  very  alow  in 
the  northern  hemisphere  (in  latitude  80°  being  759) ;  in  the  latter 
case  a  further  increase  as  we  go  towards  the  pole  [up  to  761)  has 
been  detected.  These  differences  are,  in  spite  of  their  small 
magnitade,  of  great  importance  (see  below).  Various  r^ons  on 
the  earth  show  marked  deviations  from  the  mean  pressure.  The 
deviations  become  considerably  greater  at  diflerent  periods  of  the 
year  under  the  innnence  of  the  changing  temperature,  and  are 
often  completely  altered  in  sense.  The  mean  atmospheric  pres- 
sure Id  mid-Atlantic,  for  example,  sinks  to  745  mm.  in  Jonoaiy, 
while  at  that  time  it  is  776  mm.  in  the  interior  of  Asia ;  on  tSe 
other  hand  it  is  760  mm.  in  July  in  mid- Atlantic,  while  it  is  - 

.;Ic 
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odIj  750  mm.  in  eoatem  Asia.  FiiuUj,  the  greatest  inwa- 
laritiea  appear  when  we  consider  the  distribution  of  presBlire  rot 
different  phases  of  the  weather.  This  is  best  seen  when  we 
cannect  points  at  the  same  preeaure  b;  lines  (isobars).  The  dis- 
tribution of  these  isobarB  forms  the  most  important  foundation 
for  the  science  of  the  weather. 

As  we  rise  above  sea  level  the  cahimn  of  air  above  ua  de- 
creases, and  the  pressure  consequently  also  decreases,  still  more 
rapidly,  in  fact,  since  the  density  sJso  becomes  smaller.  The 
decrease  in  the  pressure  with  the  height  follows  the  law  of  geo- 
metric progression,  and  can  be  expressed  in  the  short  and 
convenient,  though  not  quite  exact,   formula, 

(2)  A=I84001og|! 

h  being  the  difference  in  height  of  the  two  stations  in  metres, 
bf  the  pressure  at  the  lower  station,  and  (  that  at  the  upper 
station.  The  exact  relation,  which  has  been  verified  time  after 
time  bj  actual  measurement,  takes  into  acconot  the  tempera- 
tnia,  humidity,  and  alteration  in  gravity  over  the  whole  height  A. 
It  has  the  complicated  form, 

(S)       A  =  18«01ogi»(l-l-0-0O370|l-H?|^^(j-l-jU 

(1-1-0-O026  cos  2^)(1 -1-25), 

where  h,  b^  and  b  have  the  same  meauings  as  before,  t  is  the 
mean  temperatore  of  the  colmui  of  air,  t  the  pressure  of  aqueous 
vapour,  ip  the  mean  geographical  latitude,  H  the  mean  height 
above  sea  level,  and  r  the  iwUna  of  the  earth  (about  0370  km.). 
This  formula  may  be  moch  simplified  if  rather  less  accuracy 
is  sought  for,  and  a  very  convenient  form,  suitable  for  most 
pnrposes,  given  by  Koppen,  is, 

46  -  *        b. 
h=18i32  +  72(t  +  -^)\oe-^  ■ 

(If  f  <0°  the  number  72  must  be  replaoed  by  6B}. 
Ths  readiest  and  moat  convenient  way  of  obtainins  the 
height,  or  difference  in  heights,  is  by  the  use  of  tablesbased 
on  the  barometric  beight  formula.  The  beet  tables  are  W. 
Jordon's  "  Barometriache  Hbhentafeln,"  especially  those  calcu- 
lated "fiir  Tiefland  und  groase  Hbhen"  (1896)  ;  flie  barohypso- 
metrical  tables  in  the  "Tables  m^t^orologiqaes  intemationales"; 
and  the  ' '  Smithsonian  Meteorological  Tables. "  For  the  rapid 
calculation  of  approximate  values  the  bwometric  height  taUes 
(Table  XIII.),  abbreviated  from  Jotdon's  tables,  may  be  oaed. 


THB   FHTSIOB   OP  THR   ATHOSFHKRK  47 

Those  giro  the  heights  for  pressures  of  770-250  mm.  for  ertaj 
10  to  10  mm  ,  und  for  every  10°  to  10°  difieroncs  in  temperature 
(nseful  for  nmnned  balloon  work),  and  for  every  60  to  60  mm. 
pressure  bfllow  260  mm.  (ossful  for  registering  balloon  work), 
all  cttlcnlatad  for  an  initial  pressure  of  782  mm. 

§  4.  TEUPEEATUBE  OF  THE  AtB- 

The  temperatnre  of  the  air  at  an;  giFen  point  ia  tbe  product  of 
several  factors  which  have  already  been  briefly  mentioned  above. 
It  ia  msaaured  by  instrmnenta  in  which  the  eipanaion  of  a  gas 
{air-thermometer),  or  of  a  liquid  (mercury  or  alcohol  thermo- 
meter) caused  by  heat,  gives  the  degree  of  warmth  according 
to  a  definite  Bcale,  Mercury  is  most  commonly  oaed,  but  below 
-S8'6°C.,  at  which  temperature  mercury  freezes,  alcohol  must  be 
used.  Three  scales  are  in  general  use  :  uie  GenUgrade  scale  (C), 
thelUaumurfK),  and  the  Fahrenheit  (F.)  scales.  The  readings 
on  the  various  scales  may  be  compared  with  one  another  by 
meana  of  the  formula : 

(4)  e'=^E''=  5-(r-32). 

where  C°,  F°,  R°  represent  the  readings  in  degrees  on  the  par- 
ticular scale.  Id  scieotiSc  publications  the  Centigrade  scale  only 
is  employed  (English  publieatioDs  excepted),  in  which  the  freei- 
ing  point  of  water  is  ^ken  as  zero,  and  its  boiling-point,  under 
normal  atmospheric  pressure,  as  100°. 

Even  a  good  instniment,  when  brought  into  contact  with  the 
air,  does  not  give  directly  the  true  temperature  of  the  air,  since, 
on  account  ofthe  transparency  of  air  t«  beat  radiation  of  various 
kinds,  and  on  account  of  the  conductivity  of  the  air,  it  can  be 
influenced  by  external  sources  of  heat. 

At  meteorological  stations  in  Great  Britain  the  Stevenson 
screen,  made  of  wood,  double  louvred,  erected  on  f our  snppotta  so 
that  the  thermometers  stand  about  four  feet  (1'3  m.)  above 
the  ground,  is  used  as  a  protection  against  radiation.  On  the 
Continent  zinc-plate  or  canvas  huts  are  frequently  employed  for 
the  same  purpose. 

Assmann's  ventllat«d  thermometer  really  overcomes  the  diffi- 
culties best  of  all,  especially  in  balloon  work,  where  there  ia  no 
movement  of  the  air,  and  the  radiation  of  the  sun  is  enormously 
powerful. 

For  obtaining  a  continuous  record  of  the  tempeniitDre,  ther- 
mographs are  used.  The  simplest  and  handiest  form  in  use 
is  lUchard's  thermogniph,  which  consists  of  a  thin  bent  double 
strip  filled  with  alcohol ;  its  radius  of  curvature  is  altered  by 
any  change  In  the  temperatnre,  tbe  alterations  being  suitably 
en^erated  by  levers  as  in  the  case  of  the  barograph,  and 
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iMorded  on  paper  Btrips  an  a  TaTolving  dnm.  The  iiutraiaent 
mnat  be  coltbrated  miin  time  to  time  bv  companBOD  with  a 
atandord  theimomater.  From  frequent,  if  possible  hourly  (but 
UBuallj  three  par  day),  deteraiiaatioiiB  of  the  tempemtur*  the 
daily  mean  of  the  temperature  ie  calca!at«d,  and  from  these  the 
mean  monthly  and  the  mean  yearly  ttimperatures  are  determined. 

Thifl  mean  varies  from  year  to  year  about  a  mean  valae— ths 
normal  ratue— whieh  is  giren  by  obseiTationa  extending  over 
many  years,  and  is  useful  for  cliniatic  coraporiaoos. 

The  uormal  yearly  temperature  is  highest  in  the  tropica  up 
to  latitude  30°,  after  which  it  decreases  somewhat  irregularly  up 
to  tiie  North  Pole.  The  irregularitiea  are  due  to  the  influence 
of  the  continenta  and  oceans,  and  of  land  and  eea  currents.  It 
decreaaea  fairly  regularly  up  to  the  South  Pole,  and  has  a 
minimum  value  at  about  -  30°  C.  in  polar  North  America.  The 
mean  normal  t«inperature  for  the  whole  earth  may  tie  taken  as 
16°  C.  In  Germany  it  varies  from  10°  in  the  south-west  to  6* 
in  the  north-eaat. 

The  alteration  of  the  seoionB  causes  only  small  alterations  ill 
the  temperature  along  the  equator ;  in  other  latitodea  la^e 
changes  result  from  the  changes  of  summer  to  wintor  and  winter 
to  summer.  The  olianges  are  the  greatest  on  the  continents, 
and  are  very  small  in  mid-ocean.  The  normal  tomperature  for 
Jannary  is  lowest  (-48°  C.}in  north-east  Siberia,  and  highest 
(  +  32°  C. )  in  the  interior  of  Anstcalia  ;  the  normal  temperature 
for  July  ia  lowest  on  the  antarctic  continent  and  highest  (•)- 34°) 
in  the  Sahara.  In  the  plains  of  Germany  January  is  coldest 
(  -  6')  in  the  north-eaat  iutorior  port  of  the  country,  and  mildest 
(-)- 2°)  in  the  north-west ;  July  la  coolest  (  +  16°)  on  theooaatof 
the  North  Sea,  and  wannest  ( +  20°)  in  the  aouth-weat. 

The  highest  atmospheric  temperature  recorded  was  observed 
in  the  interior  of  Arabia(-(-67' d),  and  the  lowest  temperature 
in  Werchojauak,  Siberia  (-68°  C).  Tempenttnres  ia  the 
neighbourhood  of  10°  and  lower  than  -  35°  have  been  actually 
observed  in  Oeimany. 

The  temperatoje  diatribntion  is  most  clearly  seen  when  place* 
having  the  same  temperature  are  joined  by  lines  (isothenns). 
The  influence  of  sea  and  continent,  and  of  see  and  landcnrrenta, 
on  the  temperatoie  distribution  ia  seen  most  dearly  when  plaiiM 
for  which  the  deviation  from  the  mean  temperature  for  the  corre- 
sponding latitude  ia  the  same  are  joined  up  by  lines  (iaabnonnals). 

The  temperature  of  the  air  shows  much  more  rapid  alterations 
in  a  rertjcol  than  in  a  horizontal  sense.  We  have  already  seen 
that  the  sun's  radiation  warms  the  air  itself  lees  thui  the 
ground,  which  shares  its  heat  with  the  lower  strata  of  air ; 
uiese,  in  conseqnence  of  their  lighter  weight,  stream  upwards  in 
the  atmosphere,  enter  a  region  where  (he  pnssare  is  lower, 
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OEpand,  ftnd  tlisreforc  cool  in  the  contw  of  the  aaoent  (^. 
Chapter  t.  g  10).  This  is  the  caoBS  of  tho  diminntion  in  the 
temperature  with  the  height.  If  we  n^lect  the  influence  of 
the  BUiroundine  atmosphere,  the  rate  oF  cooliag  of  ■  mass  of 
dry  air  in  &aceiiaiDg  woold  be  almost  exactly  1°  C.  per  100  m., 
or  of  damp  air  somewhat  less,  and  depending  to  a  certain 
degree  on  the  pressure  and  temperature,  bnt  on  an  average 
being  perbapB  0'C°  C.  per  100  m.  Id  nature,  however,  thii 
state  of  indilTerent  equilibrium  ie  considerably  altered  by  other 
causes.  The  lower  strata  of  air  loa;  perhaps  become  rapidly 
heated  by  strong  sunshine  in  very  calm  weather,  so  that  the 
diminution  of  tfimperatnre  with  height  becomes  greater  than 
1°  per  100  m.  or  even  3'  per  100  m.  (unstable  eqoilibrinm). 
or,  perhaps,  in  consequence  of  a  oabn  clear  night,  the  erouiia 
may  become  intensely  cold  thnnigh  loss  of  heat  by  radiation, 
so  that  the  temperature  actually  increases  with  the  height 
(temperature  inversion).  Condensation  occurring,  this  increase 
of  temperature  with  height  is  checked,  and  clouds  are  formed 
which  become  heated  on  their  upper  edge  in  the  daytime  and 
strongly  cooled  in  the  night ;  soon  perhaps  air  oartenta  of  foreign 
origin  appear  with  diflerent  temperatures  in  their  different  strata. 
In  addition  to  these  there  ore  the  influence  of  the  different  shapes 
of  the  earth's  surface  (peaks,  declivities,  or  valleys),  the  disposi- 
tion of  land,  the  general  coitflguratiun  of  the  ground,  and  the 
character  of  the  surface  (laud  or  sea).  These  and  other  caosea 
prevent  any  definite  general  law  being  found  for  the  decrease  iu 
the  temperature  with  the  height.  In  fact  this  decrease  will  have 
widely  different  values  in  hot  and  cold  weather,  by  day  and  bv 
nieht,  in  winter  and  in  summer,  and  in  places  differently  situated. 
On  the  whole,  observations  on  mountain  stations  show  that 
the  decrease  per  100  m.  is  fairly  regularly  0  "  ■  -■"■ 
Enrope  in  the  different  months  the  folio 
may  oe  taken  as  approximately  correct  :- 

Jan.         Feb.         Mar.         Apr.         May,        June. 
0-89        0-47         069         0-68         0-68         0-89°  C. 

July.       Aug.       Sept.        Oct        Nor.        Dee. 
0-64  0-92         0-68         0'62        0'*3         0-87°  C. 

and  for  the  year  0'66°  C. 

In  deducing  the  temperature  gradient  from  observations 
taken  on  mountain  stations  it  is  necessary  to  remember  that  the 
situation  of  the  station  plays  an  important  part  in  influencing 
its  temperature,  which  may  be  reiy  different  to  the  temperature 
at  the  same  altitude  in  the  free  atmcsphere.  Other  values 
altogether  have  been  found  for  the  temperature  gradient  from 
balloon  observations.     For  many  years  the  gradients  deduced 
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from  obserratioDB  obtained  in  Olaishei's  oacents  were  luiceptal 
as  correct,  and  althongh  modem  critiox  bare  shown  Glaiaher's 
i«8u1ta  to  be  far  from  correct,  we  will  quote  them  aa  being  of 
historio  interest 


Decrease  per  100  m.  in 

in  metres. 

Summer, 

SpnDg  and 
lutumn. 

"O. 

°C. 

GOO 

0-71 

1476 

0'60 

0-60 

2450 

0-49 

0-43 

84G0 

0  42 

0-43 

4426 

0-87 

0-41 

6400 

0-39 

0-34 

6660 

0-21 

0-18 

8360 

0-17 

We  wUl  give,  for  oompariaon  with  these  fignres,  tliOM 
obtained  as  a  result  of  modem  ascenta,  more  especially  those 
obtained  in  the  Berlin  aseents  (AaKmann  and  Berson,  FTJwnt- 
tchajUirhe  Lafifahrlen,  ]  BOO],  and  those  obtained  bj  Teisseranc 
de  Bort  from  Uie  reeorda  of  three  baXUmt  tonda  sent  up  from 
Truppes. 


Beison. 

Teisaereno  de  Bort. 

Height 

Mean 

per  100  m. 

Mean 

Decrease 

per  100  m. 

0 

10 
Mean. 

"C 

10 

6 

0 

-   6 

-10 

-18 

-^24 

-29 

-46 

1 
4 
6 
0 
3 

! 

i 

'C. 
0-60 
0'50 
0-64 
0-63 
0-84 
0-8S 
0-66 
072 
0-90 

0-M 

*C. 
9 
G 
0 

-  4 

-  9 
-19 
-21 
-29 
-38 
-44 
^51 

•c. 

0-4 
0-G 
0-4 
0-6 
0-7 
0-6 
0-8 
0-9 
0-6 
0-7 

o-'g 

THE  PHTBIOS  Off  TBH   ATJKOBPEBRB  SI 

The  gresteat  hdght  st  which  the  thenDometer  baa  been 
directly  read  is  10,2S0  m.  (Berson  and  Siiring  on  the  Slst  July 
ISO]),  vlierethetiUDperBitareobaerTed WHS  -40°C.;  thegreateet 
height  hitherto  reached  by  e.  regiatering  balloon  is  roughly  about 
25  km.,  and  the  lowest  reconled  temperature  -  70  C,  ;  the 
lowest  temperature  observed  in  a  manned  balloon  was,  however, 
-  48°  C.  (Berson,  4th  December  1894,  at  a  height  of  9ieO  m., 
and  Siiring,  24th  March  1S99,  at  a  height  of  7760  m. ). 

While  the  numbera  obtaiued  by  Glaisher,  on  account  of  the 
want  of  ventilation  of  his  thermometers,  show  a  diminutioii  in 
the  rate  of  teraperature  decrease  with  height,  the  values  obtained 
by  Berson  and  Teisserenc  de  Bort  show  that  the  reverw  is  true 
and  that  the  theoretical  adiabatJc  value  for  the  temperatare 
gradient  for  dry  air  is  more  nearly  approached  at  high  altitades. 
Although  the  two  examples  given  of  the  temperature  diEtribu- 
tion  differ  somewhat,  this  can  be  accounted  for  firstly  by  the 
small  Dumber  of  ascents  from  which  the  means  are  calculated, 
■ad  secoodly  by  the  want  of  accuracy  in  the  thermographs ; 
they  show  the  same  general  tendency,  viz.,  a  gradient  slightly 
below  the  normal  in  the  lower  strata  in  consequence  of  the 
constantly  occurring  temperature  inversion ;  followed  by  a 
more  normal  diminution  in  temperature  at  greater  heights  with 
occasional  breaks  in  the  rate  of  diminution  owing  to  condensa- 
tion (clouds),  and  a  gradient,  approaching  the  adiabatic  gradient 
for  dry  air,  at  still  greater  altitudes. 

In  the  diOerent  seasons  of  the  year  the  values  of  the  tem- 
perature naturally  differ  in  the  various  layers  of  air,  and  like- 
wise the  temperature  gradient.  The  Berlin  ascents  give  the  fol- 
lowing results  on  this  point : — 


Height, 


Winter. 


Mean  temperature  of  the  si 


Autumn. 


-14-6  -  G-0 

Hean  decrease  per  100  m 
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Wiiiter,      Spring.      Summer.    Automn. 

betweenOand    &Vm.     0-42  0-46  048         0-40''C. 

6  and  10  km.     0-65  068  072         O-TO'C. 

(iVote. — The  smaller  Talttes  obtained  by  TeiBseraoc  Av  Bort 
can  be  accounted  for  by  the  fact  that  his  ascents  were  moaClj 
made  b;  night.) 

By  a  mare  «iaot  study  of  the  ligures  we  learn  that  there 
is  a  delay  in  the  seasons  with  the  height  and  a  diminution  in 
the  yearlj;  amplitude  of  temperature.  Although  up  to  the  pre- 
■ent  time  it  has  been  usual  to  assnitie  that  the  decrease  of  the 
amplitude  of  the  yearly  variation  with  height  was  great,  recent  in- 
vestigationa  have  shown  that  the  decrease  is  not  very  considerable. 


At  a  height  of 


The  daily  temperature  period,  on  the  other  hand,  is  a  phe- 
nomenon confined  to  the  lower  strata  of  the  atmosphere,  and 
diminishes  rapidly  with  the  height.  Observattona  taken  on 
free  ascents  are  too  few  and  far  between  to  make  out  those 
relatiouahips  accurately.  For  this  purpose  captive  ballooDS 
and  kite  ascents  give  the  most  fruitful  results.  Th^  have 
already  shown  the  groat  frcqueucj  with  which  temperature  in- 
veisions  occur  in  the  lower  regions  of  the  atmosphere,  and,  on 
the  other  hand,  the  frequent  occurrence  of  a  state  of  aostable 
equilibrium  (a  decrease  in  temperature  of  more  than  1°  C.  per  100 
m.).  At  the  present  time,  however,  observations  taken  over 
many  years  on  high  towers  are  taken  as  the  basis  of  theoretical 
investigations  on  this  subject. 

On  the  EilTel  Tower  the  mean  fall  in  temperature  per  100  m. 
was  found  ta  ba  ;— 


Up  to  a  height 

ofl23m.        -0'12       019 
Between  123  and 
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The  TDMn  jeulj  tempeistore  i»  tbereron  the  sune  &c  b 
hdght  of  123  m.  as  on  tha  ground  beneath,  being  wanner 
thronghont  the  antnmnsnd  winter  and  cooler  in  Bmomer,  thongb 
tile  temperature  gradient  ie  verj  omall.  The  decrease  up  to  s 
height  01  302  m.  is  also  below  the  normal.  These  phenomena 
SLie  all  connected  with  the  atreogth  and  duratiao  of  the  t«ni- 

On  an  average  this  lasts  at  a  height  of  : 

123  m.  nearly  14  houiB  per  day,  and  the  temp,  is  an  arerage  0'S°  C. 
1»7        „       18  „  „  0-8*0. 

302        „       10  „  „  0-8-0. 


an  average  2°  C.  ap  to  a  height  of  123  ta.  and  a  little  more  up 
to  302  m.  The  most  snrpriBing  featore  is  the  intensity  of  the 
phenomenon  in  autumn  and  the  only  slightly  smaller  intensity 
in  spring,  vhUe  in  winter  it  is  of  interest  more  from  its  long 
duration  (more  than  sixteen  hours  per  day  at  a  height  of 
123ni.)L 

We  can  deduce  that  first  at  heights  over  500  m  or  1000  m., 
according  to  the  season,  the  air  possesses  at  eveiy  hour  of  the 
day  a  temperature  lower  tlian  that  of  the  air  neit  the  ground. 
In  occadonaJ  eases  the  inrersion  call  extend  much  higher,  and 
last  days  or  even  weeks,  and  attain  a  very  considerable  value. 
This  ia  proved  by  observations  on  mountains,  aod  also  in  the 
free  atmoHphere.  For  example,  on  ISth  Januair  1894  the 
tonperature  rose  16°  C.  in  700  m.  above  Berlin,  and  the  air  hod 
the  same  temperature  as  on  the  earth's  surface  only  when 
a  height  of  400D  m.  had  been  reached,  and  on  10th  Janualy 
ISOl  the  lemperstare  over  Przemisl  rose  fully  25°  C.  in 
1100  m. 

While  the  normal  temperature  inversion  in   the  lower  air 


ateep.  Between  9  a.m  and  3  p.m.  in  the 
c^  unstable  equilibrium  is  common,  and  at  mid-day  the 
temperature  decroase  in  100  m.  ia  on  the  average  2°  C 
greater  than  the  normal  amount.  In  isolated  cases  observed 
is  free  balloons,  a  state  of  unstable  equilibrium  has  been 
found  to  ejiiat  up  to  a  height  of  2500  m.  above  the  earth's 


On   these   grounds    the   decrease   in   the   daily   amplitude 

'-" ^   — nflj  bythe  height.      The  fol' — '■ "-- 

from    observations     taken 


is  influenced  gieatl;  by  the  height.      The  foUowing  numbers 
'Bduced     fr  -       -■- ^---     '-*--      -        "       "■"' 


Tower :- 


POOEBT   BOOK  OF  AERONAUTICS 


Height 

m. 

In  April. 
10-2°  C. 

2 

3-5°  C. 

118 

Bl 

7-2 

2 '3 

187 

4-4 

6-1 

2-0 

302 

8-6 

B'l 

1-4 

If  we  cany  out  the  calculations  for  still  greater  heights 
we  fiod  that  at  a  height  of  900  m.  the  dall;  amplitnoe  is 
reduced  to  0'7°  C.  and  at  1700  m.  to  D'l°  C,  so  that  ahove 
2  km.  in  the  free  atmosphere  no  daily  range  of  temperature  can 


§  e.  HDHlDlTlf  OF  THE  AIK. 


The  aqaeouB  rapour  present  in 
in  the  ■       -  ..       . 


it  changea 


ta  condition  of  aggregation  (vapour,  water,  ice) — quite  ii 

pendent  of  its  absorptive  and  reflective  action— influence  bi  an 
enormous  degree  its  heat  relationships  and  cansequentl;  its 
movomenia.  Heat  is  needed  to  causa  evaporation  (latent  heat), 
1  kg.  water  requiring  at  0°  C.  808  and  at  100°  C.  636  calories. 
Seyent;-nine  calories  are  necessaiy  for  the  meltino  of  1  kg.  ice. 
In  the  reverse  pioceaaes  (condensation  and  freezmg)  the  same 
quantities  of  heat  are  set  free.  The  density  of  aqueous  vapour 
(^.  also  §§  7-9  in  Chapter  I.,  A)  ia  0-623  (at  0'  C.  and  760mm. 
pressure}  of  that  of  air,  ao  that  damp  air  ia  lighter  than  dry  air. 
The  aqueous  vapour  present  in  the  air  is  expressed  either  b^ 
the  preeaure  in  nun.  mercniy  which  would  hold  it  in  equi- 
librium (vapour  pressure  =  «),  or  by  the  actual  weight  of  vapour 
present  in  1  cb.  m.  air  (absolute  humidity  —  /},  The  vapour 
presanie  in  mm.  and  the  absolute  humidity  in  gm.  have  about 
the  same  nomericsl  Taloe  and  are  frequently  con&ed ;  the  exact 
relationship  between  the  two  is  given  by  the  equation 


(5} 


/=: 


+  0-00367  ( 

Air  can,  at  any  given  temperature,  only  hold  a  certain  definite 
quantity  of  aqueous  vapour,  and  as  scon  as  it  holds  this  quantity, 
18  said  to  have  reached  the  point  of  saturation.  As  soon  as  thu 
baa  been  exceeded,  or  the  temperature  sinks  below  the  dew- 
point,  condensation  begins.     The  pressure  which  this  maximum 
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qnttutit;  of  Taponr  eierta  ia  called  tlie  msKimnm  tensioD  of 
aqneous  vapoar  st  the  corresponding  temperaliure.  The  valnM 
of  tliQ  mniimniu  tensions  in  mm.  at  each  degree  Centigrade  are 
given  in  Table  VIII.  of  the  Appendix. 

The  ratio  of  aqaeoDS  vapoui  present  in  the  air  to  the 
maiimam  quantity  irhich  the  aireould  contain  at  the  particular 
temjieratare,  expressed  ass  pensentsge,  is  termed  the  "relative 
humidity. " 

The  amount  of  aqueous  vapour  can  also  he  expressed  advan- 
tageously, especially  in  investigations  on  the  vertical  distribution 
of  the  VHponr,  by  the  quantity  of  aqueous  vapour  present  in 
1  kg.  of  the  moist  air — the  specific  humidity,  the  value  of  which 
is  given  by 

l«  '■'^irWirr,- 


The  presence  of  moisture  throughout  the  whole  atmosphere  is 
proved  hy  the  spectroscope,  which  shows  certain  ahsorptiou  lines  , 
in  the  sun's  spectra. 

The  moat  exact  detenniiiation  of  the  moisture  present  is 
attained  b^  absorbing  the  moisture  from  a  weighed  quantity  of 
-'r,  which  is  weighea  again  afUrwsrds.     Another  method  con- 

j._-_j_i       - .1     I   ..  .  .-   ,.  .■       the  air  {condensa- 

1  the  hygroscopic 
.  ,       .  Tometer,    fechaids' 

nygrograph  with  continuous  records}.  Usually,  however,  a 
psychrometar  is  used :  a  thermometer,  the  bulb  of  which  is 
covered  with  moistened  linen ;  this  reads  a  lower  tomperatore 
than  one  having  its  bulb  uncovered  on  account  of  evaporation  of 
the  moisture,  and  the  drier  the  air  the  greater  the  evaporation 
and  the  greater  the  difference  in  temperature  between  the  wet 
and  dij  bulb  tbermometerB.  If  I  ia  the  temperatore  of  the  diy 
bulb  tiermometer,  ("  that  of  the  wet  bulb  thermometer,  and 
«*  the  maiimnm  tension  of  the  aqueous  vapour  (or  ice  vapour  if 
ice  is  present  on  the  wet  bulb  thermometer)  at  the  temperstore 
f ,  then  e,  the  pressure  of  vapour  actually  present,  is  given  by 


(7)  e=<f- 


ii-iS(t~f)b 

610-^     ' 
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of  Wild-Jelinek,  pnbliBhed  by  Htmn,  are  the  most  complete  >nd 
correct  in  use.  For  the  ventilated  psychiometer,  which  is  oIbq 
of  the  greatest  aerrice  for  this  purpoHB,  the  following  formula 
has  been  fonnd  to  hold : — 


The  diatributioii  of  aqneouB  vapour  in  the  lower  strata  of  the 
fthnosphere  is  closel  j  related  to  the  distribution  of  temperature, 
increasing  in  amount  from  the  equator  to  the  poles,  the  gener^ 
mean  volnes  Ijing  between  about  20  mm.  aod  2  mm.  (in 
Berlin?  mm.),  the  greatest  mean  monthlj  variation  being  25  mm. 
(tropica),  and  the  amalleat  <  I  mm.  (Siberia),  being  in  Berlin  11 
mm.  and  4  mm.  resp.  The  mean  relative  hamidilj  decreases 
from  SO  percent  at  the  equator  to  70  per  cent,  aboat  latitude  SG°, 
whence  it  increases  as  we  approach  the  north  pole  to  above  80  per 
cent.  ;  in  Berlin  the  mean  jearl;  value  is  75  per  cent.,  being  in 
Ma;  66  and  in  December  8b  per  cent.  The  values  are  naturally 
greater  over  the  sea  and  least  on  drj  land.  The  driest  deserts 
have  olwajB,  on  an  average,  an  abeoluta  humidity  of  G  to  10 
mm.  and  a  relative  humidity  of  from  ^0  to  40  per  cent. 
Hann  has  derived  the  following  formula  for  the  vertical 
.  decrease  in  the  preseure  of  aqueous  vapour  from  nameroua  obseT' 


where  h  is  the  height  in  kilometres,  8a  is  the  vapour  tension  at 


*»=«,10 


(■+^) , 


where  A  is  the  height  in  kilometres. 

According  to  the  latter  formula  there  remains 
at  a  height  of  12      3      4      6    6    7    6    km. 

on  an  average  still      08     41     26    17     11     6    3     1    percent, 
of  the  moisture  present  at  the  earth's  surface. 

In  any  case  the  decrease  is  very  rapid,  and  above  a  height  of 
S  Irni.  we  have  almost  perfect  dryness.  In  summer,  in  our 
latJtDdes,  the  whole  of  the  water  vapour  present  in  the  atmos- 
phere mav  be  taken  as  equivalent  to  a  rainfall  of  about  26  """ 

The  relative  humidity  alters  much  more  irregular! j  with  the 
height ;  according  to  balloon  observations  generally  decreasing 
at  first,  afterwaras  increasing  in  cloud  regions,  only  U>  deci««M 
again  as  we  rise  above  these. 
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S  6.  CLOUDS  A^D  EAIW. 

If  the  temperature  of  a  mass  of  aii  falls  gradually  to  t>«lav 
Oa  dew-poln^  fog  begins  to  be  formed,  or  clouds  at  some  heigbt. 
It  baa  been  shown  that  tbe  presence  of  dust  particles  is  neeee- 
MIT  for  tbis  to  occar,  otberwise  the  air  becomes  supersaturated 
with  moisture,  wbicb  beyond  a  certain  limit  leads  to  conden- 
aation.     The  cooliDg  and  consaqnent  cloud  formaitioii  con  take 

(1)  By  contact  with  the  cold  ground  (mis^  fog). 

(2)  Turough  the  mixing  of  warm  and  damp  masses  of  aii 
(stratus  clouds) ;  if  the  horizontal  layers  coming  into  contact 
have  different  velocities  and  directions,  billowy  clouds  (alto- 
cumulus =  fleecy  clouds,  cirro-cumuluB=Eeotheiy  heaped  clouds) 
ore  formed  (Helmboltz,  "  Uber  atmospharische  Bewegungen  und 
zur Theorie  von  Wind undWel]en,"Sifc!.-ffer.  d.  Akad.  d.  Wis- 
Kngchaflea  lu  Berlin,  1B88  and  1889). 

(3)  By  the  expansion  of  a  mass  of  warm  moist  air  in  tbe 
course  of  its  ascent,  this  being  tbe  moat  frequent  source  of  cloud 
formation  (cumulua^  wool -pack  clcuds,  cumulo -stratus  =  pil«d- 
up  masses  of  clouds,  nimbus  —  rain  clouds),  v.  Behold  discusses, 
in  bis  Zur  Tkermodynamik  der  Atmosph&rt,  tbe  physical  pro- 
cesses which  occur  during  the  ascent  of  masses  of  moist  air  in 
their  most  general  form.  All  considerations  and  calculations  in 
connection  with  this  subject  are  much  simplilied  by  NeuholTs 
tables  in  his  article  on  "  Adiabatiache  Zustandsandeningen 
feucbter  Luft "  (Abhandlun^  des  Freusaiehen  meteoroglisaea 
InstUula,  1900),  The  approxireiate  height  ot  which  cloud  ia 
formed  owing  to  this  cause  is  given  by  the  equation 

H  =  126(i-C}, 
where  I  and  ('  are  respectively  the  temperatures  ot  tbe  air  and 
ths  dew-point. 

Most  of  the  principal  forms  of  clouds,  first  classified  by  Luke 
Howard,  On  (A«  Modificaiions  of  Clouds,  are  eijilained  by  the 
conditions  of  their  formation  given  above,  but  neither  the  ex- 
perimental researches  nor  tbe  nomenclature  can  bo  considered 
complete,  while  tbe  formation  of  the  cirrus  (  =  feathery)  clouds, 
and  the  cirro-stratus  (  =  feathery  sheets  of)  clouds,  remains  still 
»n  unsolvEd  problem,  even  though  they  are  known  to  be  con- 
stituted of  ice  crystals. 

The  claseificadons  of  the  clonds  made  by  Abercromby  and 
Hildebrandsson  have  at  present  most  supporters  (The  AlUa 
inUrTuUiBruU  dea  nuages,  1896,  contains  pictures  of  the  clouda 
with  their  definitions).  Before  going  further  into  tbe  subject, 
it  will  be  courenieut  to  give  a  table  showing  tbe  average  heists. 
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roughlj  estimated  in  metreB,  of  the  yariouB  forma  of  clouds, 
along  with  their  average  velocities,  obtained  from  observations 
by  von  Ekbolm  and  Ha^trom,  and  b;  C1a7t«n,  and  from  th« 
fint  vear'i  resulta  (1S9S-7}  of  the  International  Observations  on 
CloDOB.  The  heights  of  ibe  cloud  fonoations  are  given  in  the 
foUawing  table : — 


Velocity 

Height  in 

in 

metrea. 

metres 
second 

CimiB         .         . 

70OO-I10O0 

30-40 

Highest  donds 

Cirro-stratus      . 

7000-9000 

30 

7600 

16-86 

Moderately   high 

Alto-cumnlus 

3000-6000 

16 

clond8\     ". 

Alto-stratus 

1000-6000 

20 

Low  clouds. 

Cumulo-stratus  . 
Nimbus      . 

1600-2500 
600-1600 

10 

Clooda  in  ascend- 

Cumulus    . 

1600 

iu 

ing  columns  of 

Cumulo-nimbus  . 
(thunder  clouds) 

1500-4000 

15 

Ground  fog 

Stratus 

500 

7 

The  values  as  observed  at  different  times  show  considerable 
variations ;  cimis  cloud  can  cerlAinly  appear  at  a  height  of 
16  km.,  and  its  upper  snrhce  may  even  extend  to  a  height 
of  20  km.,  while  the  clouds  in  BsccDdicg  columns  of  air  may 
eit«nd  to  a  height  of  10  km.  The  mean  height  of  the  clouds 
has  also  a  daily  and  yearly  period  in  the  sense  that  the  height 
is  greater  when  the  temperature  is  higher. 

The  depth  of  the  clouds  varies  from  a  few  metres  up  to  6  km. , 
and  even  more  for  thunder  clouds.  The  velocity  also  raries 
appreciably  according  to  the  time  and  place  ;  the  greatest 
velocity  observed  is  for  the  cirrus  clouds,  viz.,  100  metres  per 

It  may  be  noticed  at  this  stage  that  the  san^led  kminous 
night  clouds  are,  according  to  Jesse,  about  iiO  km.  high,  and 
have  mostly  velocities  much  greater  than  100  metres  per  sec, 
and  appear  to  come  out  of  the  east 

It  appears,  as  Vettin  first  suggested,  that  there  are  heights 
between  whicm  clond  formations  are  much  more  common  uian 
in  the  remaining  regions  of  the  atmosphere,     f 


THB   FHTSICB  OF  THE   ATMOSFHSRE  59 

lies  in  the  cumulus  re^on  (2  1"^. },  another  in  the  cirrus  r^on 
(S  to  ID  liQ.  ].  Sllriug  has  jbund  that  certain  heights  are  peculiar, 
not  odIj  in  connectian  with  cloud  formations,  but  also  from  the 
fact  that  all  meteorological  elements  appear  to  undergo  some 
change  there— the  various  heights  being  500,  2000,  4800,  8600, 
8300,  and  9900  metres. 

The  directions,  velocities,  and  heights  of  c]ouds  are  deter- 
mined either  by  cloud  mirrore,  nephoscopes,  or  most  accnratoly 
b;  photogrammetrical  means.  For  a  complete  account  of  cloud 
measurement,  see  Hildebrandsson  and  Hagstrom,  Da  jrHnei- 
palti  Btdthodei,  pour  obierver  et  mxsurer  lea  nvages,  1883. 

For  a  consideration  of  the  different  relations  the  sum  of 
the  cloudiness  of  the  skj  is  an  important  factor  ;  this  is  eati- 
mated  according  to  a  scale  of  10,  or  more  correctly  11,  degrees 
{O^perfectlf  <^ear  aky,  10  — quite  overcast).  The  average 
clondiness  depends  naturally  on  tie  opportunities  for  mist  and 
cloud  formation.  Along  the  equator  it  is  rather  large  (about  S), 
it  diminishes  to  about  1  in  latitude  30°,  and  afterwards  in 


I  the  poles  are  approached  to  over  7  ;  it  is  smallest  in  the 
deserts  (only  about  1)  ;  in  Berlin  It  is  S^. 

A  modification  of  this  method  of  rattmating  the  cloudiness, 
at  least  in  the  daytime,  is  the  determination  of  the  duration 
of  sunshine  hy  sunshine  recorders.  Campbell -Stokes'  is  that 
moat  generally  employed.  According  to  its  recorda  the  average 
niuuber  of  hours  of  bright  sunshine  received  per  day  in  diflerent 
countries  ia  as  follows  :^in  Scotland,  3  ;  England,  i  ;  Germany, 
B  ;  Franca,  6  to  6  ;  Austria,  6  to  7  ;  and  in  Spain,  7  to  8. 

According  to  Asamann  the  condensation  nuclei  are  small 
spheres,  whose  diameters  may  be  as  small  as  0  '006  mm.  Taken 
as  a  whole  they  form  mist  and  clouds.  The  appearance  of 
floating  which  a  cloud  possesses  iadue  to  the  fact  that  these  small 
drops  can,  in  consequence  of  the  resistance  of  the  air,  fall  only 
very  slowly — a  small  sphere  O'Ol  mm.  in  diameter  not  being 
able  to  fall  at  a  more  rapid  rate  than  1  cm.  per  sec — in  com' 
bination  with  the  fact  that  there  is  a  continuous  formation  of 
new  droplets.  By  combining  with  one  another,  and  descending, 
the  small  droplete  increase  in  size  to  larger  and  larger  drops, 
and,  if  they  do  not  pass  through  a  dry  region  and  evaporate, 
ultimately  fall  as  rain.  The  diameter  of  a  drop  of  rain  never 
exceeds  7  nun.  When  the  temperature  falls  below  0°  C.  the 
drops  are  easily  supercooled,  and  freeze  only  on  coming  into 
contact  with  foreign  substonceB.  Usually,  however,  the  con- 
densed vapour  folia  from  the  air  as  hexagonal  snow  crystals, 
which,  combining  with  one  another,  form  flakes  of  snow  (see 
Hellmann,  SchietkrystaUt,  1893),  In  stormy  weather  they 
trteze  together  to  form  aleet. 

Hailstones  bare  a  more  solid  structure,  and  their  mode  of 
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formation  is,  in  spite  of  numeTona  hypotheses,  still  an  open 
question.  In  eitnme  eold  a  eoimtlesB  aiuaber  of  ice  crystals 
are  formed  hj  condensation  around  snow  ciyitais,  which  also  foim 
the  elements  of  cirrus  clouds.  Occasionally  rain-dropa  and  snow- 
flakes  contain  large  quftntities  ot  atmospherio  dust  of  mineral 
or  vegetable  origin  (spray,  red  rain,  sulphur  rain).  With  these 
we  litkve  now  enumerated  the  most  important  forms  in  which 
moisture  is  precipitated  from  the  utmasphere. 

CondensatioD  taking  place  on  the  strongly  coded'surface  of 
the  earth  causes  dew,  or,  when  the  temperatute  is  below  zero, 
hoar  frost.  Rime  is  a  deposit  of  supercoolnl  miBt-dropa  carried 
by  the  wind,  which,  on  reochina;  the  nound,  &eeze.  loe  is 
produced  when  supercooled  niuHU-ops  f^  on  the  ground,  and 
when,  after  a  cold  period,  tuoist  air  comes  into  contact  with 
objects  still  below  freezing  point. 

The  precipitation  of  moisture  on  the  earth's  surface  is  measured 
by  the  rain  gauge  ;  the  ^naotity  of  water  Collected  in  the  gauge 
giving  the  depth  of  rainfall :  snow,  of  course,  must  be  firat 
melted.  Continuous  automatic  records  of  the  rainfall  are 
made  by  suitable  recording  rain-gauges  (the  simplest  and  best 
being  that  of  EellmaQn-iTuess).  The  horizontal  distribution  of 
the  precipitation  is  very  irregular,  and  depends  not  only  on  the 
atmospheric  conditions,  but  also  on  the  couGguratiou  of  the 
land.  The  mean  total  yearly  rainfall  may  reach  several  metres 
(in  Cherapunji,  12  m, ),  in  Europe  as  much  as  4  mi^tres,  in  Qer- 
many  at  most  2  metres,  and  may  be  as  low  as  a  few  cm.  in 
deserts— in  Germany  as  low  as  0'5  m.  The  greatest  rainfall 
recorded  anywhere  in  one  day  is  more  than  1  m.  ;  in  temperate 
regions,  however,  the  maximum  fall  for  one  day  may  be  taken 
as  0'15  m.  in  the  pkins  and  as  0'25  m.  on  mountains.  The 
heaviest  thunder-showers  give  a  maximum  TaiotaU  of  5  nun. 


pBraiin.,  but  this  only  lasts  for  a  very  short  time.  T 
fall  increases  rapidly  as  we  ascend  mountains  up  to  a 
height  (1  to  2  Tim, ),  after  which  it  again  diminishes.     In  Ger- 


many we  can  assume  that  rain  (or  snow)  will  fall  on  from  160 
'o  200  days  per  year,  according  to  the  geographical  si 

g  7.  WIND. 
Wind  is  air  in  a  state  of  motion.     A  mass  of  a 


The  movement  of  the  air  ia  not  a  steady  flow,  but  occura  by  fits 
and  starts,  varying  both  in  strength  and  direction  in  the  course 
of  a  few  momenta  {Langley,  The  ItUemai   Work  of  the  Wiiid, 
1883). 
The  direction  in  space  from  which  the  wind  blows  is  called 
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thi  diraotion  of  ths  wind,  and  is  dotannined  bj  nwana  of  s 
weathercock.  The  velocity  of  tiie  wind  is  jodood  eithir  bj  tha 
feel  and  iU  visible  sctdons,  in  which  case  the  ^eanfort  scale  ia 
in  general  use  (O=oalni,  4— strong  wind,  8  — Btormy,  12  =  hnrTi- 
cane),  or  it  ia  determined  by  anitablB  instmnents.  The  moment- 
ary  strength  of  the  wind  is  given  by  a  presaora  anemometer 
(Hookes,  Osier,  Wild)  or  an  absorption  anemometer  (Hagemann, 
Dines).  The  mean  velocity  of  the  wind  is  nsnally  determined 
by  meooB  of  the  Robinson  anemometer,  conaiatinK  of  a  cron  of 
hollow  cope  which  is  set  in  rotation  by  the  difference  in  the 
preAure  of  the  wind  on  the  concave  and  convex  sides  of  the 
hemispherical  shells,  the  nnmber  of  revolutions  being  recorded 
by  a  suitable  counting  mechanism  driven  by  cog  wheels.  The 
relation  between  the  true  distance  travelled  by  the  wind  and 
that  travelled  by  the  middle  point  of  one  of  the  hemispheree 
in  its  rotation  must  be  determined  aeparately  for  every  ane- 
mometer, bnt  it  may  be  taken  aa  about  two  to  three  times  as  far. 
The  velocity  of  the  wind  is  osoally  expressed  eJUier  in  m.  per  ebo. 
or  km.  per  hour  (1  km.  per  honr=0'28  m.  per  sac).  In  the 
Appendix  a  table  ia  given  to  enable  the  reductions  b    '^ 


veniently  msde.     The  relation  between  the  wind  velocity,  as 

usured  by  instrmnents,  and  the  estimated  velocity  expressed 

the    Beaufort   scale    is    rather   a   variable   one,   depeud- 


a  the  observer,  but  we  may  assume  that  the  number  oi 
the  scale  gives  about  half  the  velocity  oF  the  wind  in  metres  per 
second,  except  nnmbers  11  and  12,  which  aorrespond  to  con- 
siderably greater  velocitieB  (30  and  50  m.  per  see.  respectively). 

While  the  mean  yearly  wind  velocity  on  the  groand  in  tlie 
interior  of  Germany  ia  at  most  5  m.  per  sec.,  or  on  the  coast 
0  m.  per  sea,  the  velocity  may  rise  during  a  storm  to  80  or  iO 
m.  per  sec.  for  a  taction  of  an  hoar,  or  at  most  an  hour, 
although  in  tropicul  regiona  velocitiee  as  high  as  SO  m.  per  sec. 
are  occasionally  attained. 

Eitraocdinarily  great  velocities  [more  tbau  100  m.  per  sea), 
lasting  for  very  short  periods,  are  acquired  by  small  masses  of 
•ir  in  the  case  of  tornados,  the  diameter  of  the  disturbed  leg^n 
being  at  most  some  hundreds  of  metres. 

An  exact  knowledge  of  the  pressure  of  the  wind,  as  also  the 
nUtion  between  wind  preseure  and  velocity,  is  still  wonting. 
T.  Lossl  gives  Uie  nlatian 

(10)  ,.^'-f. 

wherejiisthepresBaTeiD  kg.  persq.m.,  a  is  the  weight  of  a  enbic 
metre  of  air  (  =  1*298  kg.  at  0  C.  BDd7S0  mm.  pressure),  ^  is  the 
acceleration  of  gravity  =  9.81  ■"/sec'.,  andF  ia  the  area  in  square 
metres,  whence  j)=0'132  v^  kg.  per  square  metre.     We  may  take 
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ft  presaure  of  200-300  kg.  per  gq.  m.  as  correepouding  to  the 
greateet  wind  velocity  hiuierto  eiperienced. 

The  irregularitieB  on  the  surface  of  the  earth  reduce  tha 
Telocity  of  the  air  by  causing  friction,  whence  the  wind  is,  in 
general,  atroDger  on  the  sea  than  on  the  land,  and  atronser  in 
Bib  conntry  ^an  in  the  town,  and  increaaea  very  rapidly  in 
velocity  aa  we  rise  above  the  ground.  According  to  Stetenaon's 
eipenmenta,  carried  out  on  a  mast,  the  velocity  of  the  wind  at  a 
hewht  of  IG  m.  is  twice  that  at  a  height  of  aome  decimetres, 
whue,  accoiding  to  Fine's  observations  in  Paris,  it  ia  twice  as 
great  at  a,  height  of  3 1  m.  as  at  7  m. ,  and  from  Douglas  Archi- 
bald's kite  eiperimeuts  increases  rapidly  at  Grtt,  then,  after 
SO  to  100  m.  hai  been  reached,  more  slowly  ;  on  the  Eiffel  Tower 
(300  m.)  it  is  fonr  times  as  great  aa  in  Paris,  vhich  is,  however, 
very  shsltered.  Berson  finda,  from  the  Berlin  balloon  eapedi- 
tions,  that  the  velocity  of  the  wind 

at  mean  heighta  of  ground  05  1'5  2'G  3'G  4'5  fi'5  km. 
has  the  relative  values  1  1'8  2-0  2-2  2-6  3'1  4-5 
At  greater  heights  the  increase  may  be  determined  from  obaerva- 
tions  on  the  cloud  movements.  Tne  moat  exact  determinations 
can  undoubtedly  be  made  by  the  aid  of  balloons,  more  especially 
by  tlieuseofpilotbalIoon9(Eremser,^./.£.,  1893).  The  same 
holds  true  for  the  directions  of  the  air  currents. 

The  prevailing  direction  of  the  wind  is  very  different  accord- 
ing to  the  geographical  situation  and  the  condidons  prevailing 
at  thfl  time.  The  ^neral  distribution  over  the  earth  follows 
from  tlie  general  circulation  of  the  atmosphere  (see  below). 
In  Germany  the  predominant  winda  blow  frem  &e  S.W.  or 
N.W. 

With  inoreaaiiig  height  the  direction  of  the  wind  turns  almost 
regularly,  especially  quickly  in  the  lowest  strata,  to  the  right. 
According  to  Beison's  calculations  from  the  Berlin  ascents  (76 
per  cent,  show  a  turning  to  the  right), 

between  heights  of  Q  &1  k2  kZ  k  ik5  kSlcTkai. 

the  deviation  to  the  right  is  16  13  11  1  3  6  fl  degrees, 
a  total  twist  of  65°  in  7  km.,  ao  that,  tor  example,  a  S.  wind 
oD  the  grounds  becomes  a  S.W.  wind  at  a  height  of  7  km. 
Under  certain  conditions  of  the  weather,  deviations  from  these 
figures  naturally  occur,  and  sometimes  there  is  a  twist  in  the 
opposite  direction,  i.t,  Ui  the  left  as  we  ascend. 

The  obaervations  hitherto  made  on  the  vertical  movements  of 
the  atmosphere  are  too  few  and  too  unreliable  to  serve  as  a 
basis  for  any  deductions.  Certainly  the  vertical  movements  are 
much  weaker  than  the  horizontal,  although  th^  may  perhaps, 
in  big  atmospheric  disturbances,  be  the  origin  of  storms.  It  is 
peculiar  that  tiie  ascending  currents  appear  ta  more  than  balance 
the  descending  ones. 
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In  order  that  the  different  pressaies  existing  is  two  regions 
may  be  equalised,  air  must  Row  &om  the  nsioD  of  Mgh  presaare 
to  that  of  low  iiressore, — and  it  will  move  the  more  quickly  the 
greater  the  difTerence  in  pressure.  Id  consequence  of  the  spheri- 
cal form  and  the  rotation  of  the  earth,  a  deflectioit  of  the  move- 
ment of  the  air  to  the  west  is  caused  in  the  northern  hemisphere, 
and  to  the  east  in  the  Bouthem  hemisphere,  the  magnitude  of 
the  deflection  increasing  mth  the  velocity  of  the  movement  and 
with  the  geographical  ktitade.  If  one  stands  with  one's  back 
to  the  wind  then,  in  the  Darthem  hemisphere,  the  r^on  of 
low  presanre  lies  to  the  left  and  somewhat  in  front,  the  high 

Kiaure  region  to  the  rigbt  and  somewhat  behind  {Buya- 
lot's  Law). 

Theoreticalty  the  deflection  in  1  second  —  2  0  ■  sin  ^,  where 
0  is  the  velocity  in  metres  per  sec.,  »  the  angular  velocity  of 
thBearth  =  0-0000729,  and  0  the  geograpliical  latitude.  With 
increasing  Mctional  resistance  the  denecbon  becomes  smaller. 

The  rate  of  deoresse  of  the  atmospheric  pressure  in  a 
direction  perpendicular  to  the  isobars,  expreesed  in  mm.  of 
mercury  per  geographical  degree  (  =  111  km.),  is  Called  the  baro- 
metric gradient.  Guldberg  and  Mohn,  iUvda  nur  la  iiunive- 
maU3  de  I'aimoiphire,  1876,  deduced  for  the  connectiou 
between  the  gradient  and  the  velocity  of  the  wind  the  following 
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where  v  is  the  velocity  of  the  wind,  G  the  gradient,  ■  the  angle 
of  deflection,  E  the  coefficient  of  friction,  and  a  the  moss  of 
a  cubic  metre  of  air.  (E  was  taken  aa  0*00002  for  a  calm  ocean 
and  0'00012  for  very  irregular  land.)  The  theoretical  values 
for  ti  prove  to  be  almost  twice  as  great  as  the  values  aotoalljr 
observed,  and  very  dependent  upon  the  situation  of  the  observ- 
ing BtaHoDs.  Sprang  gives  the  following  relation  for  places  on 
the  German  coast : — 

i,inm.persec^ 


Examining  the  form  of  the  isobars  more  closely,  we  see  that 
the;  mostly  represent  closed  curves.  If  the  pressure  increases 
as  we  go  towams  the  centre,  we  are  dealing  with  a  maximum  ; 
if  it  decreases  as  we  go  towards  the  centre,  we  have  a 
According  to  the  above  law  the  air  flows  out  of  the 
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mmimmn  with  a  path  deflected  to  the  right  io  the  Northern 
H«ini9phare(ananticyctoiiiGiikovenieDt) ;  while  with  a  minimtiin 
the  air  flowa  towards  the  centre  with  a  path  deflected  to  the 
right  (oyolonio  moyament).  The  distribution  of  the  wind  tu 
the  separate  portions  is  therefore  given  at  once.  The  mean 
angle  of  deflection  in  mid-Europe  la  about  4E°.  Since  anti- 
Djclonee  have  Dsnally small,  aud  cyclones  uauall;  steep,  giodieiitt^ 
we  have  calm  weather  in  the  former  case,  windj  in  the  latter 
case.  In  the  interior  of  a  cyclone  the  air  haa  an  upward  motion, 
which  oauaea  it  to  cool  rapidly,  and  oonsequently,  sooner  or 
later,  according  to  the  amount  of  aqueous  vapour  contained  in 
it,  to  reach  the  dew  point,  when  condensatiou  and  the  formation 
of  clouds  occur  and  the  temperature  gradient  becomes  lew ;  in 
the  interior  of  an  anticyclone  the  air  has  a  descending  motdon, 
becoming  in  consequence  warmer,  causing  the  clon^  rapidly 
to  disappear  as  aqueous  Tapour.  In  the  former  case  we  may 
expect,  therefore,  dull  rainy  weather,  and  in  the  latter  clear 
dry  conditions  to  prevail.  Clear  dry  weather  greatly  bvonrs 
radiation,  and  causes,  with  defective  or  insufficient  abstn^tion 
ofheat,  intense  cooling  (temperature  inveraions,  etc.),  and  con- 
densation in  the  lowest  strata  of  the  atmosphere,  through 
which  the  downward  currents  of  air  cannot  penetrate,  so  that 
mist  is  readily  formed  ;  in  winter  and  in  the  night-time 
also  the  sky  is  frequently  overcast,  even  when  a  minimum 
exists.  At  considerable  heights,  from  6  hm  upwards,  ob- 
servations on  mountains  and  in  balloons  show  that  the  air  ia 
warmer  under  anticyclonic  than  under  cyclonic  conditions  in 
winter.  Cyclonea  penetrate  as  a  rule  to  greater  heights  than 
anticyclones. 

The  manner  in  which  descending  air  becomes  rapidly  wariaer 
aaA  dryer,  and  ascending  air  rapidly  cools  to  the  point  at  which 
condensation  occura,  is  shown  b^  ^en  the  current  of  air  atrikea 

r'nst  the  side  of  a  mountain.  It  is  then  compelled  to  ascend 
mountain  on  tlie  weather  side,  becomes  consequently  rapidly 
colder,  and  after  a  time  saturate]  with  aqueous  vapour,  coofs 
less  rapidly  while  condensation  ia  taking  place  (about  0'6°  C. 
per  100  m.  of  ascent) ;  in  the  valleys  on  the  leewaid  aide,  on  the 
contrary,  when  the  air  is  aucked  down  by  a  neighbouring  depres- 
't  deacenda  often  with  considerable  velocity  and  is  warmed 
lically  1°  per  100  m.  descent,  and,  since  it  brings  from 
immit  very  little  moisture,  soon  becomes  eitraoroinarily 
dry  and  warm  (Fbhn). 

At  the  base  of  the  cyclone  (Northern  Uemisphers),  the  masea 
of  air  blow  towards  the  centre  with  a  defleotion  to  the  r^ht 
ftaoi  the  gradients  ;  with  increasing  heights  they  follow  mora 
and  more  closely  the  isobars,  and  at  still  greater  lieighte  flow  out- 
wards at  an  acute  angle  to  the  isobara  to  tiie  left ;  at  Uie  basa 
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of  la  totieycloae  tha  movement  ie  outwards  and  directed  to  the 
right,  >t  greater  ijtitndee  being  parallel  to  the  isobare,  imd  still 
higher  being  towards  the  centre  at  an  acute  angle  to  the  isohuB. 
A  rotation  of  the  moTement  thua  talcea  place  in  a  certain  dirw- 
tion  as  WB  uoend. 

Knowing  the  distrihutioii  of  the  winds  in  the  various  parts 
of  the  cjcTonea  and  anticyclonea,  and  the  character  of  the  wind, 
from  its  origin,  we  can  tell  to  a  certain  dt«ree  wbat  the  remain- 
ing conditionH  relating  to  the  weather  will  be.     These  relations 


Fig. 


Fittai  ol  baromelric  depreulon. 


will,  however,  alter  from  place  to  place  according  to  the  geo- 
graphical situation. 

la  general  contineDtal  winds  bring  in  aummer  dry  warm 
weather  and  in  winter  dry  but  cold  weather,  whereas  sea-winds 
oause  damp  weather,  and  in  summer  cool,  in  winter  mild,  con- 
ditions. In  Geimony  the  advance  of  a  cvdone  with  its  south 
winds  causes  worm  rainy  weather,  followea  after  the  cyclone  has 
passed  by  cooler  winda,  but  better  weather. 

While  presanre  maxima,  as  a  rule  spreading  over  a  wide  area. 
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odIj  slowly  alter  their  pOBitions,  and  therefore  oyb 
westier,  tlie  minimii,  raoatly  covering  only  a  smallceg 


3  conslaat 
11  region,  moTe 
birly  rapidly,  uaaully  from  weet  to  eaet.  Their  mean  velocity 
in  Kurow  ia  ahout  7-8m.  par  aeo.  ;  in  North  America  twice  this. 
Bebber  has  found  that  in  Europe  minima  follow  moat  frequently 
the  following  paths  (c/'.  fig.  9): — {!.)  from  North  Scotland  to  the 
north-east,  (II.)  from  ths  Shetland  Islands  eastwards  across 
Scandinavia  towards  the  White  Sea,  (III.)  from  the  ShetlandB 
south-east  towards  South  Russia,  (IV. )  from  a  point  south  of 
Ireland  either  lowards  the  east- north -east  over  Heligoland,  and 
(IV».)  over  the  Skagerrao,  or  (TV''.)  towards  Finland  |  (V.)  from 
paints  sonth  of  Ireland  towards  North  Italy  (V*.),  and  from 
there  either  along  the  east  coast  of  Italy  (V^)|  ortowatdsthe 
Black  Sea  (V.),  or  towards  the  Baltic  Sea  (V.).  I.  and  III. 
are  moat  frequent  in  autumn  and  winter,  IV.  in  summer  and 
autumn,  V*.  in  the  colder  seaeona  of  the  year,  and  V\  in  spring 
and  autumn. 

With  regard  to  the  movement  of  depressions  as  a  whole,  two 
laws  may  be  given :  (1)  The  motion  takes  place  approximately 


vertical  extent)  (Koppen) ;  (2)  A  depression  moves  most  easily 
in  a  direction  such  that  it  has  tho  highest  pressure  and  higher 
temperatures  on  the  right-hand  side  (Ley). 

On  the  basis  of  theoretical  and  empirically  deduced  (acts  it  is 
possible,  knowing  the  state  of  the  weather  over  a  large  area,  set 
out  on  auilable  charts  and  maps,  to  forecast  the  weather  for  a, 
short  time,  about  twenty-four  hours,  with  a  certain  high  degree 
of  occarooy. 

In  order  to  forecast  the  weather  conditions  with  any  degree  of 
probability  for  longer  periods  in  advance,  it  is  necessary  to 
make  use  of  other  aids.  It  is  necessary  to  calculate  the  prob- 
able duration  of  the  existing  weather  conditions,  and  to  loUow 
the  relations  between  the  weather  phenomena  at  widely  diiferent 
regions  of  thesuxfaceoCtheeorth  and  sea  {e.g.  the  QiUf  Stream 
and  Europe).  Above  all,  a  study  of  the  positions  of  the  great 
permanent  centres  of  high  and  low  pressures  in  the  ainnosphere 
will  be  of  the  greatest  value  in  helping  ns  to  make  forecasts  for 
several  days  in  advance.  The  average  character  of  the  weather 
over  Eorope,  for  example,  depends  principally  on  the  mean 
position  and  the  seasonai  displacements  of  the  following  centres 
of  aotiou  : — (1)  the  pressure  maximum  near  the  Azores  ;  (2)  the 
pressure  maximum  over  Siberia  in  winter ;  (3)  the  pressure 
minimnm  over  the  ocean  in  the  north-west  of  Europe  |  and 
(4)  the  pressure  minimum  over  the  Mediterranean.  The  follow- 
ing meteorologists  have  made  investigations  on  the  inflnencaa 
of  these  centres: — Eoftmeyer,  Infivenee  of  tht  Nortk  AUarUie 
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irtnimum ;  T«issaieuc  de  Bort,  Tjfpa  of  Winier  Weatk^ ;  and 
van  Bebber,  Tht  Different  StgUmx  of  Sigh  Prasurt  and  tfu 
Wtathtr  in  Europt.  For  further  det^B,  speckl  treatiBW  on  the 
eubJBctmay  be  coasulted. 

i  g.  QENEBAL  OIBGDLATIOIT  OF  THE  ATHOSPHEKE. 


thoiouglily  eiploined  W  constderiDg  onljr  inaiiin&  and  minim* 
due  merely  to  local  innuencefl.  On  the  contraty,  the  general 
circulatioii  ol  the  atmoBphere  over  the  whols  globe,  due 
principally  to  the  differeacea  of  tempeiatnTe  existing  between 
the  poloa  and  the  eqoator,  modified,  of  coarse,  by  the  dietribn- 
tion  of  land  and  aea,  is  recognised  aa  exerting  the  most  im- 
portant inflnence  met  the  local  ciiculation. 

Aa  already  stated,  we  find  at  the  equator,  where,  in  con- 
sequence of  the  inlonBe  action  of  the  sun,  the  whole  vertical 
colamn  of  air  is  atronely  heated,  and,  therefore,  at  its  upper 
surface  flows  towards  the  pole,  a  relatively  low  barometric  pres- 
sure ;  up  to  a  latitude  of  S0°  or  40°,  where  the  air  coming  from 
the  equator  is  stemmed  and  sinkg,  it  gradually  increases,  finally 
decreasing  again  aa  we  go  polewanla  (not  quite  to  the  pole,  how- 
ever, where,  in  consequence  of  the  continental  character  of  the 
surroundings  (ice),  the  lower  strata  of  the  atmosphere  are  strongly 
cooled,  causing  a  noticeable  increase  in  the  barometric  presaure). 
On  the  basis  of  the  general  distribution  of  pressure  on  the  earth's 
surface,  as  well  as  the  currents  of  air  at  great  elevations  set  up 
by  this  distribution,  taking  into  account  also  the  temperature 
and  humidity  of  these  mosses  of  air,  we  have  in  the  northern 
hemisphere,  between  the  equator  and  a  latitude  of  about  35°, 
north-east  winds,  and  in  toe  southern  hemisphere  south-east 
winds  \  but  at  great  heights  the  currents  in  the  northern  hemi- 
aphere  are  sou^-weat  and  in  the  sonthem  hemisphere  north- 
west. At  the  equator  itself,  with  its  ascending  tnoaaes  of  air,  wo 
get  heavy  clouds  and  rain,  but  a  calm  zone  on  the  surface  of  the 
earth,  though  aloft  there  will  bo  an  east  wind  blowing,  which, 
with  increasing  latitudes,  turns  more  and  more  to  the  north-east 
or  south-east  according  as  to  whether  we  are  in  the  northern  or 
southern  hemisphere. 

There  is  also  a  calm  zone  in  latitude  SG°  (north  and  sooth), 
but  with  descending  air,  dry  and  clear  weather.  Up  aloft  the 
south-west  winds  continue  (in  the  sonthem  hemisphere  the 
north-west  winds)  also  on  this  side  of  latitude  3G*,  gradoally,  in 
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latitude  3G°  onwonlB,  we  gat  the  lauth-neet  (or  north-west} 
emrant,  Gn^j  becomiog  a  west  wind,  until  ia  the  polar  rsgiooa 
more  northerly  (or  southerly)  winds  ariae.  In  the  middle  strata 
of  the  atmosphere,  the  air  carried  polewards  afUr  latitade  SS* 
must  return  to  the  equator  as  a  north-weat  wind  in  the  northern 
hemiephere  or  a  soutJi-west  wind  in  the  southern  hemisphere. 
Thia  last  current  complicates  the  pheaomeiia,  and  the  genenl 
distribution  of  wind  wUl  be  most  clearly  seen  by  the  following 
table  ^Ten  b;  Haon : — 


latitude. 

Wind  on 

surface  of 

earth. 

In  the 

middle 
BtraU, 
8-10  km. 

In  the 

ui^er  strata, 

>10km. 

60°  N. 
30' N. 
10°  N. 
Equator. 
10°  S. 
80°  S. 

W.S.W. 
N.E. 

KN.E. 

E.S.E. 

S.E. 

W.H.W. 

W.N.W. 

S.W. 
B. 

E. 

N.W. 
W.S.W. 

W.8.W. 
W.S.W. 

E.aE. 

E.N.E. 
W.N.W. 
W.N.W. 

This  general  wind  system  wOl  be  influenced  on  the  one  hand 
by  loc^  circulations  (cyclones  and  anticyclones),  especially  in 
1  — 1._   ...J   ._  the  other  hand  by  far-reaching  modifica- 


a  latitudes,  and  o 


d  by  fs 

,  a  particularly  by  the  different  effects  set  up  bj 

the  radiation  of  the  sun  on  continent  and  ocean  (monsoons).  In 
summer  the  overheating  of  the  continents — especially  the  Asiatic 
oontinent — causes  an  ascending  current  of  air  above  tJiem  and 
cunents  of  air  flowing  in  from  the  sea,  whereas  in  winter  the 
■xtreme  cold  causes  an  increase  in  the  density  of  the  air,  a  baro- 
metric maximum,  and,  therefore,  a  ilow  of  air  outwards,  with  « 
deflection  to  the  right  in  the  northern  hemisphere. 

It  may  be  finally  noted  that  the  change  of  the  seasons— that 
is,  the  varying  position  of  the  sun— must  caose  corresponding 
d^placements  in  the  plan  of  the  general  oircolation  and  an  altera- 
tion of  the  wind  velocities. 
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wheM  tha  itrong  heating  cames  ■  minimnni  in  aununeT,  ind  tha 
•trong  cooling  a  Quucimnm  in  winttr,  while  on  the  ocema  thtaa 
altarationB  an  in  the  opposite  sense  and  rery  mnch  leaa  pro- 
nounced. The  higher  etnt^  show  a  maiuuam  in  aammer  and 
a  mimmnin  in  winter,  siaee  in  the  Grat  caae  a  greater  qoanti^ 
of  air  ia  lifted  into  the  higher  niveaui  owing  to  the  heftting  of 
the  nawes  of  air,  while  in  the  latter  case  more  air  is  pressed 
downwards  owing  to  the  cold. 

Ths  dally  variation  ia  usually,  except  in  tropical  regions, 
maaked  by  the  more  irrwular  alterations,  and  is  only  of 
small  magnitude  (the  omplitnde  being  at  the  moet  S  mm.); 
dmoat  everywhere  on  the  earth  it  shows  a  double  wave, 
Toiying  somewhat  with  the  season,  but  having  a  principu 
maiimnm  at  B-10  s,m.,  a  minimum  at  4-5  p.m.,  a  second 
mazimnm  at  10-11  p.m.,  and  a  second  minimum  at  4-B  a.m. 
The  daily  amplitude  decreases  as  we  go  from  the  equator 
towards  the  poles. 

On  lofty  mountain  peaks  the  daily  variation  of  the  barometer 
ii  entirely  altered  owing  to  temperature  influences,  and  followa 
more  or  less  the  variations  of  temperature. 

(A)  Tunparatnre  of  the  air.  — Except  in  the  tropics  the  annnal 
range  of  tempetsture  shows  only  one  maximum  and  one 
minimum,  corresponding  to  the  position  of  the  sun,  though 
showing  a  considerable  lag  which  ia  greatest  on  the  oceans. 
The  yearly  amplitude  ia  considerable  in  the  interior  of  con- 
tinents, small  on  the  ocean,  in  the  tropics,  and  at  great 
h^shts. 

The  duly  range  shovrs  also  only  one  wave :  Maximum — on 
continents,  2~S  p.m.  ;  on  oceans,  12-1  p.m.,  Minimum  —  on 
Dontinents,  about  sunrise  {in  winter  a  little  before  and  in  summer 
a  little  after  it)  ;  on  the  ocean  one  or  two  hours  earlier.  The 
amplitude  decreases  with  the  height  above  sea  level  (especially 


free  atmosphere)  and  with  the  cloudiness,  which  prevents 
1  of  temperature ;  continents,  valleja,  and  a  clear  sky 
the  amplitude. 


(c)  Humidity.  ^The  annual  variation  of  the  absolute  humidity 
(of  great  amplitude)  depends  principally  on  the  temperattue*, 
and  varies  in  the  same  manner  ;  that  of  the  relative  humidity 
varies  almost  in  the  opposite  sense  except  on  high  mountains. 

The  daily  variation  of  the  absolute  humidity  (of  small  ampli- 
tude) follows  on  the  sea  that  of  the  temperature,  and  in  winter 
also  on  the  land,  on  which  in  summer  tha  absolute  humidity 
increases  from  sunrise  only  to  9  a.m.,  then  falls  until  S  p.m.,  to 
reach  a  second  maximum  about  B  p.m.  ;  the  daily  variation  of 
the  relative  humidity  (of  great  amplitude  on  the  land)  is 
omioaite  in  sense  to  that  of  the  temperature. 

{d)  OlondinMi  has  an  annual  variation  varying  enormously 
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^m  place  b>  place.  In  general  it  ia  more  dense  in  the  colder 
leaaoDs  than  in  the  wanner,  a  minimum  mostlj  in  May  or 
September,  •  maximum  in  Noreaber  or  December. 

The  clondinesa  ia  usnally  a  minimum  in  the  evening  and  a 
marimnm   in  the    moming   (in   wintw)   or   at  mid-aay   (in 

(<)  Eainfall.  — The  annual  rariatdon  is  reiy  different  in  leg^ani 
pOSBessing  diOerent  climates.  In  oui  zone  the  lainfall  is  a 
maximum  inland  in  summer  and  a  minimnm  in  winter,  bnt  on 
the  coaats  it  ie  a  maiimum  in  autumn  and  a  minimum  in  sprinfc. 
On  mountains  the  winter  rainfall  is  the  largest. 

The  daily  period  is  complicated,  and  varies  (Vom  place  to  place. 
On  the  coast  it  ia  naually  a  maximum  in  the  aigct-time  and  a 
minimum  at  midday,  whereas  in  the  interior  the  principal 
moiimum  occurs  in  the  afternoon  and  the  minimum  towards 
midda][.  The  period  of  the  day  wheo  the  temperature  is 
increaaine  is  the  dryest. 

(/)  Wind,  —  The  general  circulation  of  the  atrooBphere, 
combined  with  the  air  currents  produced  by  differences  of 
temperature  eiiating  between  land  and  water,  cuuae  an  annual 
period  of  the  wind,  both  as  regards  direction  and  strength, 
varying  with  the  zone  and  geographi<!al  situation.  For  North 
"  -  -  ■>-  ...  r  aygmjigg  of  the  principal  winds  in 
allowing  (according  to  Hann) :  — 
N.  N.E.  E.  RE.  S.  S.W.  N.  N.W. 
Winter,  6        7        B        11        15        24        18        10 

Summer,         9       8       6         7       10       22       20       18 
The  strength  of  the  wind  is  greatest  in  winter  and  leoat  in 
eummer  (with  a  lag  in  the  interior),  oa  ia  also  the  frequency 
of   storms,    which    show    no    marked    maximum   abont   the 
equinoies. 

The  direction  of  the  wind  in  its  doily  period,  according  both 
to  observations  taken  on  plains  and  on  mouotain  stations  and 
on  towers,  follows  the  sun  ;  this  is  only  in  part  in  agreement  with 
theoretical  considerations,  according  to  which  the  direction  of 
the  wind  should  turn  with  the  hands  of  a  watch  up  to  midday, 
and  afterwards  turn  against  them— though  only  in  the  plains, 
and  not  on  mountain  peaks.  If  not  ffisturbed  bj  jiowerful 
general  air  currents,  the  daily  period  of  the  direction  of  the 
wind  on  the  coasts  is  very  regular  and  striking,  since  the 
sni^ices  of  equal  barometric  pressure  rise  and  fall  in  consequence 
of  the  morkra  daily  period  of  temperature  over  the  land,  giving 
rise  to  land  and  sea  breezes — on  the  surface  of  the  earth  towariA 
the  aea  at  night,  in  the  day  towards  the  land,  tbougb  in  the 
opposite  directions  at  a  height  of  a  few  hundr^  metres. 
wmilarly  we  get  in  mountainona  regions  downward  currents  of 
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UT  into  the  raJleja  in  the  night,  ftud  npiniTd  onmnts  daring 
the  da  J. 

The  strength  of  the  wind  attains  a  maximum  on  land  ahortly 
after  midday,  and  ia  a,  minimum  in  the  night ;  on  monntain 

Kha,  on  the  contraiy,  and  in  the  free  atmoaphere  as  soon  M  a 
^ht  of  100  m.  ia  reached,  we  have  a  minimum  about  midday, 
while  a  maximum  ia  found  in  the  night ;  finally,  on  the  ocean 
the  wind  hlowe  with  about  the  same  strength  throughout  the 
day  and  night.  (For  furthf  '*'***^i"  i«udT>firt+.«^  +1*^  annual  ^ttA 
daily  periodB  of  the  atrengt 
^MtscA)-.,  1867  and  1SS9.) 


g  11.  ELEOTBIOAL 

Electricity  is  always  present  in  the  atmosphere.  Numeroua 
experiments  have  be^  made  bearing  on  the  origin  and  nature 
of  atmospheric  electricity,  and  various  theories  have  been  pro- 
pounded to  explain  it  ;  the  modern  ionic  theory  seems  the 
best  founded  and  to  promise  a  complete  solution  of  the 
firoblem.  (See  Ebert,  Die  Ersoheinungen  der  Atniosphiir- 
ischen  Elektricitat  vom  Stondpunkte  der  lonentheorie,"  ifel. 
Zeitsehr.,  1901.) 

Observations  show  that  in  dry  weather  the  atmosphere  is 
positively  charged — that  is,  it  is  at  a  higher  potential  than  the 
earth's  surface  ;  only  during  a  rainstorm  is  it  fonnd  to  be  nega- 
tirely  charged. 

A  large  annual  and  a  feeble  doily  period  of  potential  are 
found :  the  potential  gradient  is  steepest  in  winter,  smallest  in 
Bommer ;  in  the  course  of  the  day  we  have  two  maxima 
(morning  and  evening],  and  tno  minima  (afternoon  and  night), 
of  intonsitiee  which  differ  from  place  to  place,  and  the  ampli- 
tndes  of  which  diminish  with  the  height  In  the  free  atmo- 
sphere the  potential  gradient  becomes  smaller  and  smaller  the 
higher  we  go,  and  seems  to  disappear  altogether  at  a  compara- 
tively low  height  (according  to  Baschin  and  Bbruetein's 
balloon  obaerrationa,  between  3  end  4  km.).  There  are 
consequently  quantitJeB  of  positive  electricity  present  in  the 
atmosphere  outaidc  the  earth.  As  to  whether  their  seat  is  to 
be  found  in  the  lower  or  upper  strata  is  as  yet  an  open  question, 
Einer  found  that  the  fall  of  potential  decreased  regularly  with 
the  amount  of  aqueous  vapour  present,  and  Elster  and  Oeit«l 
found  that  it  decreased  with  the  increase  of  the  intensity  of  the 
ultra-violet  radiation  irom  the  sun  and  also  with  the  increase  of 
transparency  of  the  air.  Various  relations  between  the  atmos- 
pheric dectricity  and  temperature  hare  also  been  found. 

The  most  suitable  apparatus  for  measuring  the  fall  of  potential 
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ii  Einer'B  Glactragaope  (Einer,  iher  tran^porttMt  Apparate  «ur 
Btohacbiimg  der  almhtpbdrwcKen  SUktrieitdt,  1837). 

Id  aider  to  explain  the  loss  of  electricity  from  &  cbarged 
imnkted  bod;  and  the  oondnotion  of  eleotridt;  in  gwes,  wa 
wsume  tliat  in  the  moleonles  themsslTes  ira  have  freel;  moTing 
bodies  (ions),  which  are  ohai'geti,  aome  negatively  and  aoin» 
poeitivel;,  and  which  move  in  the  dii«o1aoD  of  the  lines  of  force 
m  the  electric  field  with  different  velocities.  If  a,  particle 
charged  with  one  kind  of  electrification  Is  attracted  to  one 
charged  with  the  opposite  kind,  they  neutralise  one  another, 
and  give  up  their  charges  to  one  another,  and  are  no  loneer 
electrified.  The  more  ions  we  have  present  the  greater  will  be 
the  loss  of  electrification,  and  the  smaller  therefore  the  potential 
gradient.  On  the  aseumption  that  there  are  large  numbers  of 
these  charged  ions  ( +  and  -  ),  having  different  velocities,  many 
of  the  phenomena  accampanying  atmospheric  electricity  can  be 
immediately  explained. 

A  great  deal  of  notice  has  been  taken  lately  of  the  dissipation 
of  electrical  charges,  which  can  be  conveniently  measured  ity  an 
apparatus  constructed  by  Elater  and  Geitel  which  is  suitable  for 
balloon  work.  The  ionisation  of  the  air  is  attributed  to  the 
action  of  the  ultra-violet  light,  which  is  most  powerfol  in  the 
upper  strata. 

The  normal  potential  gradient  shows  irregular  and  large 
disturbances  on  the  appearance  of  rain  clouds,  in  which, 
therefore,  great  quantities  of  electricity  must  be  stored  up. 
These  have  their  influence  on  other  clouds  and  on  the  earth, 
repelling  electricity  of  the  same  sign  and  attracting  that  of 
opposite  sign.  If  the  foree  is  great  enough,  the  resistance  of 
the  air  is  broken  down  and  lightning  discharges  ensue. 

Franklin's  kite  eiperiments  pruval  the  identity  of  lightning 
with  electric  discharges  (which  may  also  be  shown  by  means  of 
captive  halloona).  The  lightning,  usually  some  kilometres  in 
length,  caaaes  the  air  along  Its  path  to  expand,  either  by  heating 
effects  or  effects  in  the  nature  of  a  mechanical  explosion,  and  the 
rushing  in  of  the  suirounding  air  into  the  partially  evacnat«d 
space  gives  rise  to  thunder.  Lightning  and  thunder  together, 
ttauolly  accompanied  by  heavy  rain,  often  by  hail,  form  what 
are  called  thunderatorms^  Three  varietiee  of  lightning  may  be 
distinguished  : — zig-zag  or  forked  lightning  (a  main  streak  with 
side  projectious,  appearing  on  a  photographic  plate  like  the 
network  of  a  river  baeiu),  sheet  lightning  (the  lighting  np  of 
the  whole  cloud),  and  globe  lightning  (rare).  Their  colour  is 
usually  a  ruddy  violet.  Common  summer  sheet-lightning  is 
usually  the  reflection  of  a  distant  flash,  though  perhaps  on 
independent  phenomena.  The  thunderclap  travels  on  with  tha 
velocity  of  sound  (333  m.  per  sec.  at  0*  C),  and  can  be  utUised 


THB  PHYSIOS  OF  THB  ATM08PHBRB  73 

to  find  tlie  dietaucB  af/aj  of  the  atonn.  The  roU  of  thnnder  ii 
eiplaioed  by  the  length  naA  form  of  the  lightning,  remembering 
the  comparatlTel;  slow  rate  of  prop^KtioD  of  soond  and  the 
interference  of  the  separate  portions  of  the  ltghtDing|B  path,  Oi 
well  as  bj  the  action  of  echoes.  The  number  of  lightning  flaahes 
and  thunder- claps  rariee.  In  Prueeia  two  hundred  boilmnge  out 
of  a  millioD  are  annnally  etruck  hj  Ughtning,  and  five  persons  in 
a  million  killed  by  it.  According  to  von  Bezold  the  number  of 
easea  of  damage  hj  lightning  in  Bavaria  has  increased  eixfold 
siDoe  the  thirtieth  year  of  the  previous  century.  Thunder-elands 
consist  ot  heavy  luue-grey  oumolo- nimbus  clouds,  covered  by  a 
whlt«  kind  of  cirrus  cover  (false  cirma),  while  underneath  small 
broken  clouds  move  rapidly  aboat.  ThundeT-clouds  may  sink 
very  low  indeed,  but  they  have  been  seen  piled  up  to  a  height 
of  over  10  km. 

We  distinguish  between  thiinderstorms  due  to  eyolone*  and 
those  due  to   heat.      The  former  belong  to   the   interior   of 


deep  depressions,  and  therefore  generally  to  stormy,  ' 
weather,  being  most  frequent  in  the  colder  periods  of  i 
and  day,  occurring  oftenest  at  sea.     The  fatter  form  o 


boundaries  of  high  and  low  pressure  regions  in  still  air  with 
good  insnIatiaD,  and  most  frequently  in  the  warmer  periods  of 
the  year  and  day  and  on  the  land.  The  known  phenomena 
accompanying  thunderstorms — rapid  variations  of  barometric 
pressure,  alterations  of  temperature,  heavy  rainfall,  hail,  etc. — are 
most  plausibly  explained  by  the  assumption  that  sapersaturation 
and  supercooling  lake  place  in  the  higher  strata  of  the  atmos- 
phere (von  Bezold,  Zur  Thermodynamik  dtr  AlmotphSre,  IV, 
''Qewitterbildung").  The  greater  number  of  thimdetstonns 
come  to  ua  from  the  west  or  south-west.  Those  coming  from 
thesedirections  travel  also  most  rapidly.  As  a  rule,  the  velocity 
of  their  motion  varies  between  30  and  40  km.  an  hoQr.  Often 
the  thnnderstonna  spread  and  gradually  break  up,  thonirh  some- 
times they  travel  over  a  long  stretcn  of  country.  Thunder- 
storms are  most  frequent  in  the  tropics,  and  dimiuish  markedly 
with  increasing  latitude,  although  irregularly.  In  Germany 
thunder  occurs  on  10-26  days  per  annum. 

The  steady  discharge  of  electricity  at  a  high  potential  from 
points  is  called  St  Elmo's  Fire,  e.g.  the  discharge  from  masts, 
towers  and  other  lofty  buildings,  to  a  low-lying  thunder  cloud. 
The  discharge  lakes  the  form  of  a  small  brash  of  flame  about  1-10 
cms.  long  :  if  the  object  is  tiositively  charged  it  has  a  ruddy  hue 
and  spreads  out  widely,  while  if  the  object  is  discharging  negative 
electricity  it  is  not  more  than  1  cm.  long,  violet  in  colour,  and 
la  much  more  compact. 

The  Aurora  Boi'ealis  must  be  considered  alao  as  an  optical  pheno- 
menon of  electric  origin.    According  to  PanlsenitiaaQuorescent 
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phenomenon  like  that  of  cathode  ni^  Ita  form  &nd  inUoBil^ 
VU7  euonnoualy.  Uaiully  it  ehows  itself  at  the  magnetic  North 
Folesaadark  Begment  of  s  circle  Borrounded  bj  a  bright  edKC> 
with  eortain-like  bands  spreading  out  from  it ;  from  the  border 
bright  streamera  are  shot  out  raaiallj,  often  stretching  to  the 
Northem  Lighta  (corona).  The  height  of  the  phenomenon 
Taries  from  a  few  km,  up  to  200  km.  The  frequency  af  the 
appearance,  ita  form  and  brilliancy,  increase  as  ws  go  polswarda, 
bat  diminish  again  near  to  the  pole  itaetf.  Ou  acconnv  of  ita 
disturbing  eOect  on  the  compass  needle,  Humboldt  has  termed 
it  a  m&gnetio  storm.  In  many  important  respects  the  Atirora 
Borealia  has  been  shown  \o  be  cloee^  related  to  the  presence  of 
son  spots,  possessing  the  same  period  of  eleven  yeare,  whereas 
no  other  phenomenon  of  the  atmosphere  has  hitherto  been  shown 
to  hare  any  certain  or  practical  connection  with  phenomena  on 
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The  vault  of  the  sky  does  not  appear  heuispherical,  but  rather 
as  a  segment  of  a  sphere,  whose  horizontal  radius  is  more  than 
three  times  the  height  The  ooloat  of  the  sky  ia  usually 
bine ;  this  btae  colour  can  be  explained  by  the  presence  of 
immense  numbeis  of  small  foreign  particles  in  the  air,  from 
which  the  blue  rays  of  the  sunlight  are  muoh  more  Btrondy 
scattered  than  the  rays  of  longer  wave  length,  the  more  so  the 
smaller  the  psrticles  (which  is  the  case  at  great  heights  where 
the  blue  colour  is  much  deeper) ;  the  rays  of  longer  waTe-length, 
on  the  other  hand,  pass  through  the  atmosphere  in  larger  num- 
bers, and  cause  the  transmitted  light,  especially  if  it  hi  to  pass 
a  long  distance  through  the  atmosphere  {i,e.  on  the  horizon),  to 
be  of  a  yellow  or  red  Sae  [morning  or  sunaet  glow).  Thia  only 
holds  true  so  Ions  as  the  particles  are  smaller  than  the  shortest 
wave-length  of  Tight  (0 "00035  mm.);  larger  particles  reflect 
the  light,  and  if  present  in  large  numbers,  cause  the  illuminated 
region  to  appear  aa  white  as  the  source  of  the  light  itself,  aa 
is  the  case  when  large  drops  of  water  are  present,  or  quantities 
of  dust  carried  up  in  a  storm. 

Daylight  is  caused  by  tbe  scattered  light  dilfused  throu^  ths 
air  ;  if  there  were  not  this  diffuse  reflection  the  sun  would  appear 
aa  a  glaring  bright  disc  on  a  dark  background. 

B«ng  a  aifiusely  reflected  light,  the  light  of  the  sky  is  polar- 
ised. For  the  parts  of  the  sky  lying  near  the  horizon  the  vibra- 
tions of  the  light  are  perpendicular  to  the  plane  drawn  through  the 
sun,  the  observer,  and  the  point  under  observation.  Some  points 
■re  neutral :  Babinet's  point  (20°  above  the  sun),  BrewaterB  (20' 
beneath  the  sun),  and  Arago's  (20°  above  the  pole  of  the  sou). 
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On  account  of  the  dimioUbm^  density  of  the  stnbi  of  air 
lying  dboTB  one  another,  rajB  of  light  are  refracted  somewhat 
before  they  reuh  oar  eyes,  osusing  all  obieots  to  appear  raised 
abOTS  their  actnal  poeitione,  the  more  ao  the  nearer  they  are  to 
the  horizon,  bo  that  we  can  see  even  bodies  which  are  beneath 
the  horizon.  If  two  layere  of  air  of  very  different  densitiea  lie 
above  one  another  (caused  by  intense  local  heating),  rajB  of  light 
which  nohe  an  acnte  angle  with  the  bonnduig  giiriacs  niaj  be 
totally  reflected,  and  so  cause  inverted  images  of  distant  objects 
to  appear  (mirage).  Since  masaea  of  air  of  ^Seretit  densities  are 
■ImoBt  always  moving  through  the  atmosphere,  we  almost  iu- 
Tariably  notice  a  wavering  or  distortion  of  distant  objects,  such 
as  the  twinkling  of  stars  (scintillation). 

After  sunset  (and  before  sunrise)  the  npper  regions  of  the 
atmosphere,  with  their  naTasrone  dust  and  water  particles,  are 
atill  iHnminated  by  the  rays  of  the  sun,  causing  a  geaersl  illu- 
mination for  some  little  dms  (twilight).  It  is  consequently 
poGdble  to  read  out  of  doors  until  the  san  is  about  S°  bsneatn 
the  horizon  (simple  twilight),  and  the  last  shade  of  brightness 
only  vanishes  when  the  san  is  16°  beneath  the  horizon  (astro- 
nomical twilight).  On  account  of  the  bending,  reflection,  and 
refraction  of  sunlight  there  are  various  phases  of  twilight.  Nor- 
mally (according  to  von  Bezold,  jdmaim  tier /"Ayjit  «.  Chemie, 
vol.  1S8)  the  bright  segment  sppears  first  on  the  western 
horizon,  whereas  on  the  eastern  horizon  we  have  a  dork  segment, 
owing  to  the  shadow  cast  hy  the  earth  appearing  out  of  the  violet 
glow  which  praviouslj  filled  the  eastern  horizon.  The  shadow 
of  tlie  earth  rises  rapidly  and  twilight  fails  ;  20-25  minutes 
after  sunset  the  bright  segment  is  filled  with  a  pale  paiple  disc 
of  large  diameter(30-40°),  the  purple  light.  It  Wins  when  the 
san  is  about  8°  below  the  horizon,  sinks  gradually  behind  the 
bright  segment,  and  vanishes  when  the  san  has  sunk  to  S°, 
which  marks  the  close  of  ordinaiy  twilight.     In  clear  weather. 


and  with  numerous  dust  particles  in  the  air,  the  whole  appear- 
ance is  repented  after  some  time  [half  aa  hour),  although  feebler 
in  intensity  \  a  second  dark  and  a  second  bright  segment  appear, 
•ndBaecondpurpIelight(positionoftheaun  -  7°  to  -10°).  This 
last  phenomenon  was  most  striking  after  the  eruption  of  Krakatao 
in  1SS3.  The  small  particles  in  the  higher  atmosphere  caused 
by  this  eruption  not  only  streiwthenKl  the  purple  light  and 
other  twilight  phenomenEe,  hut  also  cansed  the  appearance  of  a 
red-brown  ring  round  the  sun  (and  moon),  whtoh  was  brightest 
at  a  'distance  of  14°  from  the  sun  snd  ptJ-j»tiHw1  t^  ■>«niit  *>M      T* 

be  regarded  as  a  refraction  ph 
manner  the  small  halos  round  the  s 
tnany-colonred  borders,  owe  their  origin  to  refraction  by  the 
dost  or  water  partidea  in  the  atmosphere,  the  smaller  thaaa 
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angmoT  dutuice  from  the  bdd  a,  the  diameter  of  the  particles 
d,  uid  the  wave  length  of  (he  respective  light  a,  being 
given  by 

The  large  rings  anmnd  the  ma  and  moon  (h&loa  of  22*  and 
tS*  ndiDB),  OS  well  as  parhelia,  mock  moona  (paraselentc), 
etc,  may  ^1  be  aiploined  by  the  reflection  and  refraction  of  the 
light  by  hexagonal  ice  crystals  in  the  npper  strata  of  the 
•dnosphera (Qalle,  "Ober  H6fe  UQd!Neb«nBonnen,"P(j53.  jinn.. 
1840). 

Q-loriM  are  eoloored  rings  seen  round  the  shadow  cast  by 
a  balloon  on  the  closds.  They  can  be  explained  by  the  re- 
Awction  of  the  light  in  the  dropleta  formina  the  cloud,  and 
tba  ultimata  return  of  the  ravs  of  light  to  the  olwerver,  to  whom 
tlkev  appear  to  originate  in  the  cloud  itselC 

The  ralntiow  is  seen  on  the  opposite  side  of  the  ahv  to  the 
«an,  if  there  is  a  raining  cloud  there,  u  on  oro  of  a  circle  whose 
centre  lias  oppoaite  to  the  sud.  It  is  caused  by  the  refraction 
and  reBection  of  sunlight  in  the  droplets  and  the  emiseiou  of 
a  portion  of  the  Kgbt  as  a  parallel  beam  of  rays  towards  the 
olierrer.  The  red  ot  the  rainbow  sobtflnda  an  angle  of  42*°, 
the  violet  46*.  A  doable  reflection  in  the  drops  causes  a  feebler 
secondary  bow  (diameter  abont  54°)  to  be  seen  with  the  prismatio 
eolours  reversed  in  position.  Tertian  bowa  are  aiso  sometimes 
■een.  Fen)t«r  has  developed  a  complete  theory  of  the  rainbow, 
and  has  traced  the  diverse  phenomena  to  the  diOerent  siies  of 
the  drops.  (For  a  more  complete  treatment  see  Hoscart, 
TraiU  tCoptique,  tome  iii.,  1894,  or  FemUr's  MeteonAogiiehe 
Optik.) 
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CHAPTER  III. 

HETEOBOLOaiCAL  OBSEBVATIONS  IN  BAL- 
LOON ASCENTS  AND  THE  COMFTTTATION 
OF  BESTTLTS. 

Bt  PEOFEasoB  Db  v.  EREMSER, 

<if  Ou  Berlin  Xoval  Metmntogieal  IniKCulc. 

g  1.  INTEODOCTOET. 

The  character  of  the  observationa  to  be  t&ken  daring  ucants 
for  meteorological  porposea  hu  olread;  been  indioat^  in  tlie 
previous  cbapterG.  Special  inTeatiKstionB  and  obBervationB,  audi 
as  those  on  atmoapheric  electricity,  magnetic,  apectiiiscopic, 
or  microscopic  researchaH,  are  asually  left  \a  specialists  in  these 
aubjects,  and  are  outside  the  scope  of  true  met«oroIog;.  As  a 
rule  only  the  ordinary  meteorological  elements  are  to  ba 
observed,  and  in  the  present  chapter  we  wCl  confine  oursalTea 
solely  to  these. 


Captive  lalloo-na  (such  aa  the  Sigsfeld-Parasval  kite  balloon) 
are  beet  adapted  to  the  determination  of  the  physical  conditions 
in  the  lower  regions  of  the  atmoaphera,  and  eapeoially  for  the 
examination  of  one  particular  re^on  over  a  lengthy  period  of 
time.  The  same  purpose  ia  served  by  fctte»,  carrying  recording 
instruments ;  kites,  however,  reij^uire  at  least  a  fair  breeze  for 
their  ascent,  but  by  using  several  kites  attached  tandemwise  to 
a  line,  heights  of  i  km.  have  been  reached,  enabling  simid- 
taneous  observations  to  be  made  at  different  heights. 

Marnud  fret  halloimt  enable  the  meteorological  conditiona  to 
be  studied  at  ell  beighta  up  ta  10  km.,  and  their  variation  with 
the  height  within  a  very  short  time  to  be  determined,  while  the 
horiiontal  variationa  are  obtained  by  the  girmiXtantaiu  aicntU 
of  several  balloons  at  widely  separated  stations,  thos  enabling 
78 
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the  horizoDtol  distributiaD  of  the  vsrions  metoorologioal  element! 
to  be  mapped  oat  foi  TartooB  sltitades,  aud  to  b«  compand 
with   the   cooditioiiB  preTailing   at  the  time  on   the   earth's 

Pilat  ballconi  are  useful  onl;  for  oteervatioiu  on  the  direction 
and  velocity  of  the  aii  cnrreiitB  at  different  heights,  hnt  when 
carrying  recording  instrumenta  {balltnu  aondu),  tnej  aerre  most 
of  the  purpoaea  of  a  manned  balloon,  and  often  reach  heights 
utterly  ansttainable  by  man  (25  km.  or  more).  Of  course  the 
many  nsefol  personal  obserrations  obtained  in  manned  balloon 
ascents,  which  cannot  possibly  be  recorded  antomatically,  are 
not  obtsined  by  the  xae  of  the  baUona  londt). 

In  order  to  make  all  these  ascents  as  productive  ae  poedble, 
it  is  necessary  to  have  the  oomplete  and  exact  meteorological 
data  for  the  whole  of  the  district  in  which  the  balloons  are  sent 
up  for  the  time  during  which  the  ascent  lasts,  and  it  is  also 
desirable  to  haTO  a  thorough  knowledge  of  the  weather  con- 
ditions prerailine  at  corresponding  heights  on  neighbouring 
mountains.  On  uis  acconnt  it  is  necessary  that  all  the  mateoro- 
loncal  stations  work  in  unison  on  the  days  of  the  ascents. 

In  recent  years,  nnder  the  auspices  of  the  International 
Aeronautical  Commission  [President,  Professor  Dr  Hergesell  of 
Strassbnrg),  ijUemational  limMllaneojia  ascents  of  the  rarions 
types  of  tnlloons  and  kites  have  been  made  on  the  first  Thnis- 
day  of  each  month,  and  hare  given  resnlta  of  the  highest  im- 
portance. The  German  stations  participating  in  these  ascents 
ore  Berlin  (Aeronautical  Obeerratory  and  the  Balloon  Battalion), 
Honioh,  and  Strossbnrg. 

S  3.  THE  OBSESTHR. 
Apart  &am  a  sufficient  general  education,  the  obeerrer  must 
have  had  practical  experience  in  taking  observations  and  reading 
the  instruments.  Calmness  and  carefulness  are  also  obvious 
recommendations.  Before  the  first  ascent,  gymnastte  exercises 
should  be  practised.  Warm  clothing  must  be  taken  as  a 
protection  aoainst  probable  cold,  as  well  as  provisions  (warm, 
when  possible,  for  long  trips).  Before  the  first  lofty  ascent 
(greater  than  G  km.)  a  medical  examination  is  to  be  recom- 
mended. For  great  heights  it  is  neceasory  to  take  a  sapply  of 
oxygen,  usually  in  steel  cylinders  fitted  with  suitable  respirators, 
or,  still  better,  Cailletet's  oxygen  respiration  apparatus. 

§  i.  TEE  mSTBUUENTS. 

We  shall  not  go  into  the  construction,  working,  and  calibra- 
tioQ  of  the  recording  instnuneDtB  used  for  unmanned  balloon 
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HCMlU,    but  wilt   briefly   dsscribt   the   inBtronienti   OMd    in 
nunned    ballooiu.     It   may   be   noted,   however,   that   irheo 
hatlont  aandet  or  regittering  baMoom  are  sent  away,  dinKtioni 
should  always  be  attached  Kiviiig 
full   inatnictiODa   to   the   finder 
as   to  the  care   of  the   instni- 
rnenta.      For  a   matm»d   a«e«at 
the    following   instrQineiits    an 
required  i— A  watch,  an  oueroid 
or  merciuy  barometer  aud  per- 
I  hapa    a    barograph,   a   thermo- 

meter (pajchrometer)  and  per- 
hapfi  a  thermograph,  a  compass, 
accurate  maps  of  the  country 
to  be  passed  over,  and,  finally, 
whenever  possible,  photographic 
apparatus  and  an  anglemeter,  i.». 
a  simple  instrument  to  measure 
angular  heights. 

The  aner&id  must  be  carefully 
conatructed,  and  compensated  ar 


\ 


The   mervury    baromeUr 
used  must  have  a  large  mercury 
receptacle,  on  account  of  the  low 
pressures  met  with.     For  the  re- 
cording     barometer      Richard's 
barograph     answers      perfectly. 
The   maroury    baroraeter    must 
be  tested  under  the  air  pump  at 
low  prBssuraa,  and  the  aneroid 
and  barafraph  should  be  com- 
pared with  this  during  the  course 
of  the  Journey,  as  well  as  cali- 
brated previously  under  the  air 
pump  at  pressm^s  and  tempera- 
I  tures  of  the  same  older  as  those 
which  may  be  expected  at  the 
heights  to  be  reached  daring  the 
course  af  ibe  ascent. 
The  corrections  for  the  tlitrmomelen  {below  -  38°  C.  an  alcohol 
thermometer  must  be  used)  should  also  be  determined  before- 
hand.    On  account  of  the  stUlness  of  the  air  through  which  the 
■         ■■        ■         ■■■    "  e  the 
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revolTed  npidly  through  the  >ir  m>y  b«  tisad,  bnt  Aitmann't 
tejUiUUed  psyearonuter  (6g.  10)  is  leallj  on  sbaolute  Qecessity 
for  oil  scientifia  balloon  work.  In  tbu  the  thermoaetor  bulbs 
are  snrrooaded  bj  thin  highly  polished  tabes  leading  to  a 
oommon  csntral  tube  ending  in  a  bell-ahaped  vessel  ftt  the 
top,  in  which  ia  situated  a  emM  fan.  Thu  is  set  in  nidd 
rotation  by  olockwork,  wMch  reqniras  rewinding  every  five 
or  tan  minutes,  and  draws  air  through  the  appantos  past 
the  tbennomster  bulbs  with  a  velocity  of  2  to  3  metres 
pel  second. 

The  apparatus  usually  ooctaim  two  thermometais,  one  of 
which  given  the  true  temperature,  while  the  bulb  of  the  second 
is  covi^ed  with  muslin  moistened  from  time  to  time  with  water 
and  servffl  for  the  dsterminatiijn  of  the  humidity.     Special 

Sractical  armngements  to  keep  the  muslin  moist  have  been 
eviaed  by  the  manufaoturers  (Fnegs  of  Steglitz)  of  the  in- 
strumenta.  In  balloon  work  it  is  advisable  to  use  veoli- 
lated  psjchrometers  with  three  thermometers,  two  of  which 
are  nsed  alternately  for  wet  bulb  determinations,  ao  that 
while  the  one  ia  being  moiatoned  the  other  may  be  ready 
for  Dse. 

The  p^tographic  apparahts  has  to  serve  for  photognphs  of 
the  nnaerlying  count:^,  the  clouds,  and  any  special  phenomena. 
A  ysllow  screen  ia  indispensable. 

The  meteoToscope  (often  coaaiating  of  a  divided  oirele  with  a 
plnmb  line)  oan  be  vary  serviceable  in  measuring  augnlar 
distances  and  their  differences, — for  clouds,  optical  phenomena, 
landmarks,  etc. 

In  Older  to  gain  same  idea  of  the  altaration  in  the  intensit? 
of  the  strength  of  the  sun's  radiation,  it  ia  useful  to  have  a  black 
bulb  thennometer  in  a  voouum,  though  more  exact  meaaurementa 
may  be  taken  with  one  of  the  latest  forms  of  tuiinotruttri  (e.g. 
that  of  Angstrom). 

For  reading  the  instruraents  in  night  ejpeditiona,  it  is,  of 
course,  only  permissible  to  use  eleciric  glovi-lampi,  though 
perhaps  the  newest  kinds  of  luminous  paint  might  afford 
sufficient  light 

g  S.  DI8F0SITI0K  OF  THE  IVSTBinfZIITS. 

The  inetroments  must  all  be  firmly  attached  to  the  oar  or 
ropes,  in  order  to  prevent  any  chance  of  their  Mling  out,  and 
must  be  ao  placed  that  aU  are  convenient  For  reading.  The 
harometer  may  be  bound  to  the  supporting  cords,  care  being 
taken  that  the  scale  faces  the  observer ;  it  must  be  protected 
^Satnst  direct  radiatioa  from  the  aim  by  a  screen.  The 
ventilated  thermometer  is  held  at  a  distance  of  1  or  2  metres 
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from  tk«  oar  of  the  bftlloon  by  ioitable  sappoiting  roda,  amnmd 
BO  that  it  can  be  drawn  to  the  car  wbea  it  i«  aeetanry  to  wind 
m  the  olocbwork  ;  the  thermometera  oan  be  read  by  a  taletcope 
rigidly  attached  to  the  framework  of  the  car,  bnt  it  ia  reallv 
tMential  to  have  Bome  oonTenieat  ineaDi  of  winding  Dp  the  olock 


na,  11,— BbUdou  »qulpped  lor  meUoralogical  work. 

and  of  keeping  moist  the  muslin  of  the  wet-bulb  thonnomet«r 
without  much  loss  of  time.  The  water  for  moistening  the 
wet  hulb  should  be  kept  in  an  inner  pocket  to  prevent  its 
freezi^.  The  compass  may  be  placed  on  the  edge  of  the 
car.  Tke  radiation  thermometer  should  be  attached  to  one  of  the 
Bupportinit  ropee  in  such  a  manner  that  the  sun's  raya  always 
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shina  ditvotiy  on  to  it  A  couveiuaut  nty  of  digpoeiug  the 
Mrenl  piecei  of  apparatus  U  shown  in  tha  Kcaiiipati;iDg 
fig-  (11). 


S  e.  3 

It  ii  best  to  prepare  >  d^nile  tehlme  for  reoording  the  obaarra- 
tiona  by  diviaing  a,  piece  of  stiff  ruled  cartridge  paper  into 
Tertical  colamna,  at  tne  head  of  each  being  written  the  natnre 
of  the  obserration  or  the  name  of  tba  imtniment  whose 
readings  are  ^ven  m  the  oorraBpoading  colnmn.  Sea  example 
on  the  following  page. 

The  cartridge  paper  la  ooDTonientl;  supported  by  a  string 
thrown  lonnd  the  neck,  aod  each  reading  is  recorded  in  its 
proper  place,  together  with  the  exact  time  at  which  it  is  taken, 
uaving  nothiog  to  be  ramembered  for  any  length  of  time.  In 
the  case  of  inatrnments  such  as  the  aneroid  and  the  ther- 
mometeiB  the  readings  should  be  taken  at  r^lar  intersals  (abont 
every  five  minutes),  except  under  special  cimumstancea,  anoh  *■ 
during  the  passage  through  and  on  the  edges  of  a  clond,  when 
observations  ahoald  be  taken  as  frequently  as  possible.  The 
aneroid  and  the  thermometer  should  be  read  simultaneously, 
most  convenieatly  by  two  obserrera  (the  balloon  oondnctor 
reading  the  aneroid),  though  with  practice  one  observer 
•hould  be  able  to  attend  to  the  nhale  of  the  inatroments.  The 
winding  up  of  the  clock  and  the  moistening  of  the  wet  bulb 
tharmameter  should  be  done  a  few  minutes  before  the  following 
observation  is  due.  A  aingle  winding  up  lasts  for  five  miuutea, 
and  the  damping  of  tha  muslin  for  t«n  to  fifteen  minutes. 
WhoQ  the  tempBntnre  is  bslow  0°  C.  the  second  wet  bulb  ther- 
mometer should  he  moistened  every  ten  minutes  alternately  with 
fiist  one,  so  that  each  has  been  moistened  about  eight  or  nine 
minutes  before  it  is  lead.  (Fur  more  exact  details,  see  Assmann's 
article  in  the  Frotekoli  dtr  iT\ienu!iionrdea  iMlronautiseAra 
jtommitrion,  Straaaburg.)  The  readings  on  the  radiation  tktr- 
mometer  and  obserrationB  on  the  (unsAina  (Q)  and  the  dtmdt 
(Index  1  denotes  feeble,  index  2  strong  or  dense  clouds)  may 
b«  made  as  convenient,  though  all  changes  should  be  noted. 
The  following  abbrsviationg  ore  usually  acwpted  for  the  various 
types  of  clouds : — 

Cirma .  .     Ci,  Cumulus      ,  Cu. 

CirrO'Stratna  Ci.-str.        AltO'Cumulus       .     A.-cu. 

Cirro-cumulns      .     Ci.-cu.         Oumulo-stratus     .     Cu.-str. 
Stratus  Str.  Nimbus        .         .     N. 

Alto-stratus         .     A.-str.         Cumulo-nimbus    .     Cu.-ni. 

The  phenomena  to  be  observed  principally  ara  the  formation, 
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disappearance,  and  alteration  in  form  of  the  clouds.  Tbe  point 
of  eounbTi  vertioall;  beneath  the  balloon  should  be  observed  from 
time  to  time,  when  possible,  and  compared  with  the  map,  in 
order  to  obbtln  the  oirectiou  in  which  the  balloon  is  moving. 
The  snchoT  lines  serve  as  a  useful  lice  of  vision  to  get  the  point 
vertically  underneath  the  balloon,  and  the  times  at  which  the 
balloon  passes  over  any  recognisable  place  should  be  nat«d. 
If  any  precipitation  or  other  phenomenon  occurs,  the  fol- 
lowing irUtmational   aymloli   of  notation  may  be  osed  with 

9  ™i-  ©  corona  round  the  sun. 

•}(•  snow.  0  halo  round  the  sun. 

A  ^^U'  S  corona  round  the  moon. 

A  'ieet,  drizzle.  Q  halo  round  the  moon. 

•* —  frost  needles.  ^-^  rainbow. 

^  fog.  1^  thunder. 

j^  ground  fog.  <  lightning. 

00  mist.  Q  sunshine. 

The  mtreury  baromtter  should  only  be  used  as  a  control 
instrument,  and  must  consequently  be  read  simultaneously  wilji 
the  aneroid.  This  should,  however,  only  be  done  at  points  on 
the  ascent  where  the  rate  of  change  of  the  velocity  upwards  is 
zero,  i.e.  when  it  has  no  acceleration,  as,  for  example,  when  it 
remains  at  the  same  height  for  some  littJe  time.  Where  baro- 
graphs and  thermographs  are  used  to  confirm  the  instruments, 
marks  should  be  made  oc  these  occasionally  at  noted  times  so 
that  the  readings  may  be  accurately  compared  with  the  aneroid 
and  psychrometer. 

The  barometer  observations  form  the  basis  of  the  calculation 
of  the  height.  Under  certain  circumstances  it  ia  possible  to 
determine  the  heig?U  mthout  the  aid  of  a  baromettr,  and  it  may 
prove  oseful  to  describe  here  briefly  the  other  methods  of  height 
determination  which  are  capable  of  practical  adaptation.  The 
height  may  be  very  roughly  determined  by  an  echo  from  the 
earui'a  surface  (a  method  sometimes  useful  in  a  fog  over  moun- 
tains) ;  if  f  is  the  time  in  seconds  required  for  a  Banod  directed 
rertically  downwards  from  a  trumpet,  say,  to  reach  the  ear  of 
the  aeronaut  after  reflection  from  the  earth,  the  balloon  is 
approximately   330 .  -  metres   above    the   land.     More  exact 

values  are  given  by  measurements  of  the  angular  distances 
between  known  landmarks  on  the  earth's  surface,  whose  distance 
apart  can  be  measured  out  on  the  map.  The  observations  and 
the  calculations  are  simplest  when  the  angular  distance  between 
the  point  of  land  momentarily  below  the  balloon  and  another 


86  POCKET    BOOK    OP    ABROtlAUTIOS 

well-nurked  point  at  a  known  distonca  awaj  ia  meunred.     If 
D  is  th«  dUtance  batwem  the  two  [wiata  and  ■  the  angle  of 
deprenion  of  the  Bcoond  point,  the  height  ia  given  bj 
H  =  D  tan  a. 

A  atill  more  eiact  valne  for  the  height  can  be  obtained  from  a 
photograph  of  the  countij  lying  beneath,  but  this  method 
oauQot  be  oaed  to  determine  the  height  for  immediate  use. 
Th$  method  ma;  be  emplojed  to  give  a  Dontinnoiu  record 
and  BO,  nndec  certain  couditiooa,  replace  a  barograph  (Gailletet, 
Jtegiatrierapparat,  I.  A.  M.,  18S8). 

All  these  methoda  of  determining  the  height  from  the  balloon 
itself  are  far  behind  the  barometric  method  m  point  of  accoraoj. 
Ad  accnrata  oontrol  of  this  latter  method  is  verj  desirable  on 
theoretical  groands,  and  coald  be  readily  made  bf  observations 
on  the  path  of  the  balloon  from  the  earth's  surface,  which  would 
give  not  only  the  height  but  also  the  direction  and  velocity  of 
motion.  It  is  in  this  case  necessary  to  distinguish  between 
micrometrio  and  purely  trigonometric  observations.  The  micro- 
metric  measurement  of  the  apparent  diameter  of  the  balloon  and 
the  simultaneous  detenoination  of  the  angular  height  (and  the 
admuth  ereDtusJlyj  ia  made  by  one  obaerver  only,  and  it 
liable  to  eeveial  sources  of  error,  so  that  this  method  can 
onJy  be  applied  for  rongh  teste  of  the  accuracy  of  the  formula 
(for  pilot  balloons  or  bMlom  aoruUt).  On  the  coutiary,  a  care- 
ful bigonometrica!  survey  of  the  path  of  the  balloon  from  two 
or  more  points  would  lead  to  extremely  useful  and  important 
results.  The  dromogiaph,  invented  b^  Hermite  and  Wurtie], 
records  antoEoaticallj  the  angular  altitude  and  azimuth,  and 
aimplifies  the  obserrationit.  It  is  really  a  necessity  for  several 
of  uie6e  accurate  teste  of  the  barometric  height  formula  to  be 
carried  out. 

I  7.  THE  COMFDTAIION  OF  EESIILTB. 

{»)  OalenlatlonH. — The  corrtctiota  determined  in  part  before 
and  in  part  after  the  ascent  must  be  applied  to  the  readings  of 
the  preeeure.  If  the  aneroid  has  beeu  compared  with  the 
mercury  barometer  during  the  ascent,  the  readings  of  the  latter 
most  be  reduced  to  0*,  and  if  great  exactuese  is  required,  allow- 
ance made  for  the  alteration  in  the  value  of  gravity.  The  cor- 
ractions  for  the  aneroid  (and  barograph}  are  mads  from  the 
oonesponding  readingB  on  the  mercury  barometer  taken  dnring 
the  coarse  of  the  ascent.  The  readings  on  the  aneroid  lying 
between  points  which  were  eompared  with  the  mercnry  barom6t« 
mast  be  corrected  by  an  amount  equal  to  the  mean  of  the  eor- 
r«etioDS  necessary  at  the  two  neighbouring  standardised  piHnti, 
or,  to  be  still  more  accurate,  the  alteration  in  the  corraotioiiB 
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■t  ths  two  poiata  should  b«  divided  propartioiiately  to  tha 
altsntion  of  pressure  for  readlugB  lying  Mtween  th«n.  The 
value  at  the  preasure  thus  obtained  may  be  applied  to  the 
ealculatiom  of  the  altiliuU.  If  obserraCionH  have  only  been  ob- 
tained at  widely  differing  times  and  distance,  each  must  be  oon- 
eidered  with  reference  to  the  Btmoapheric  pressure  on  the  snrEace 


ic  height  table  <we  Table  211.)  in  Appendix.  If  the  tem- 
□res  observed  in  the  balloon  do  not  permit  of  sn  exact 
mean  being  found,  the  mean  temperature  of  the  columa  of  air 
may  be  taken  as  the  mean  of  the  temperature  in  the  balloon  and 
that  on  the  ground  beneath.  In  this  w»y  the  height  above  the 
underlying  land  is  obtained,  and,  adding  the  height  of  this, 
the  height  of  the  balloon  above  sea  level. 

When  numerous  obserTatioDs  rapidly  following  one  another 
have  been  obtained,  it  is  mnch  mure  accurate  and  shorter  to  reckon 
the  Gorrespondinff  differences  of  level  step  b^  step,  the  mean  tem- 
perature of  each  layer  being  determiaed,  m  this  method,  with 
(Test  exactness  from  the  observations.  The  som  of  the  single 
differences  of  level  givee  the  total  height  (For  a  complete 
■ccDont  of  this  method,  see  Teissereuc  de  Bort  and  Hergeeell 
is  the  Fratatell  der  Inttmationaien,  Aeronaviischen  KomrnU- 
•foH,  Strassburg. )  Of  course  the  alterations  in  the  temperature 
and  preeeure  which  bare  taken  place  in  the  lower  regions 
of  the  atmosphere,  obtained  from  observations  at  ground 
stations  and  during  the  course  of  the  descent,  must  be  taken  into 
account,  though  these  correotJonB  are  usually  very  small. 

Since  it  seldom  happens  that  there  will  be  a  meteorological 
station  directly  under  Oie  balloon,  the  temperature  and  pressure 
for  this  point  must  be  obtained  by  interpolation  from  the  observa- 
tions  at  neighbouring  stations.  This  is  done  most  easily  by 
drawing  weathtr  cAarfi  with  isobars  and  isotherms  for  half- 
hourly  or  hourly  intervals  during  the  course  of  the  ascent,  pro- 
viding that  the  observations  at  Uie  meteorological  stations  are 
aufBciently  frequent  for  this  to  be  done. 

After  the  known  corrections  have  been  applied  to  the  balloon 
thermometers,  the  heights  are  used  for  the  determination  of  the 
alteration  of  the  temperature  from  the  bottom  of  the  atmoaphere 
to  various  altitudes  step  by  step,  the  ttmperalMrt  gradUnt  per 
100  metres  usually  being  taken  as  the  unit. 

The  temperatare  decrease  in  "C.  is  divided  by  the  correspond- 


a^  IA<  tiitglt  stntia. 

For  this  latter  purpose  the  temperature  data  with  regard  to 
the  ooriMponding  stratum  must  be  taken — the  thickness  of  the 
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(bata  being  taken  aa  100,  260,  600,  or  1000  m.,  as  maj  be  most 
expedient— and  mean  values  Uken,  so  that  we  obtain  a  series  of 
points  at  diSerent  hughts  between  which  the  temperature 
gTadieDt  ma;  be  taken  sa  typical  for  that  particular  stratum. 
Besides  the  mechanical  clasaifioation  of  the  strata  accocding  to 
equidistant  heights,  those  strata  should  be  examined  in  which 
special  conditions  have  been  found  to  prevail,  especially  pheno- 
mena such  as  a  temperature  inveraioo,  passsf^  through  a  cloud, 
striking  alterations  m  the  humidity,  direction  of  the  wind,  etc, 
and  the  temperature  gradient  for  each  determined. 

If  the  ventilated  psTchrometer  is  employed,  Sprung's  formula 
(see  Chapter  I. ,  %  7,  and  II.,  %  6)  must  be  used  to  ohtain  the  ^luicn 
qf  aqueoaa  vapovr  and  the  relative  hwniidity,  otherwise  the 
ordinary  tables  may  be  ueed. 

The  alteration  of  the  tensionper  100  m.  difference  in  height 
should  also  be  determined.  The  calculation  of  the  specific 
humidity  and  its  alteration  with  the  height  will  frequently 
enable  much  to  be  learnt  regarding  the  condition  of  the  masses 
of  air  present  in  the  separate  strata. 

If  the  points  over  which  the  balloon  has  passed,  as  entered 
on  ths  map,  are  joiued  with  one  another  by  a  series  of  straight 
lines,  we  get  the  direction  of  motion  of  the  balloon  for  the 
corresponding  heights  and  times,  and  if  we  divide  the  distance 
between  two  consecutive  points  (in  metres)  by  the  time  taken  to 
pass  between  them  (in  sees.),  we  obtain  the  horizontal  velocity 
of  the  balloon  in  m.  per  sec.  for  the  mean  height  between  these 
two  points.  Since  the  paths  and  velocities  of  the  balloon 
represent  the  directions  and  velocitieB  of  the  air  cnrrente,  we  ctui 
determine  these  for  a  series  of  different  layers.  We  must  be 
urefn]  not  to  take  the  points  too  near  to  one  another  for  Hie 
purpose  of  the  calcnlation,  unless,  indeed,  they  have  been  very 
accurately  determined,  as  it  is  easy  to  get  values  for  the  direc- 
tion and  vtUxHy  which  are  not  the  real  values  but  ore  dne  to 
calculations  with  nncertain  numbers.  For  larger  distances  the 
error  will  be  mach  smaller,  even  though  the  obaervationa  were 
equally  uncertain. 

(i)  Grapbloal  reio'ssentation.— In  order  to  obtain  a  general 
idea  of  the  weather  conditions  half-hourly  or  hoarlv, 
weaAar  chart*  are  very  desirable;  on  these  should  be 
shown  the  isobars,  isotherms,  details  as  to  clouds,  rainfall, 
and  winds  derived  from  observationB  at  various  met^aroloncal 
stations,  as  well  as  from  those  taken  in  the  balloon,  fre- 
quently it  is  convenient  also,  especially  for  the  simultane- 
ous ascents,  to  draw  a  chart  showing  isobars,  isothermals, 
and  wind  directions,  at  a  height  of,  say,  5000  m.  While  those 
charts  give  the  horizontal  distribution  of  the  physical  conditions 
on  the  surface  and  at  the  chosen  altitude,   diagrams  show- 
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iog  the  vsrtiOBl  distiibntioii  of  temperatiue,  eta.,  u  derived 
frran  the  balloon  obMrrations,  are  kko  UMful.  It  is  eonTsnient 
also  for  many  porpoees  to  take  as  abeciBsa  in  a  rectangular  oo- 
ordinate  Bystem  the  projection  of  the  path  of  flieht  on  the 
eftrth'e  anriaoe.  which  fixes  the  direction  and  the  altvratiou  of 
direction  of  flight  developed  ao  as  to  give  the  distances  travelled 
from  the  atarCing-poiiit  as  abscissee,  while  the  coireeponding 
Vkloes  of  the  pressure,  height,  temperature,  absolute  and  relative 
humidities,  cloud  density,  and  so  on,  are  taken  as  ordinatee, 
the  respective  pointi  being  connected  by  curves.  The  absciasM 
mav  all  be  measured  from  a  common  line,  or  from  different 
illel  lines,  foe  each  single  element  eouaidered.  Under  the 
est  axis  of  abscisse  the  distances  must  be  written,  and  the 
corresponding  timen  taken  to  cover  these  distances ;  between 
these  nnmbers  room  may  be  made  for  the  velocities  of  the 
balloon  between  each  pair  of  filed  points.     If  we  now  write 

r'nst  the  height  curve  tbe  special  observations  (sunshine, 
ds,  precipitation,  etc.)  by  signs,  we  obtain  immediately  the 
various  elements  at  a  given  time  or  moment  written  vertically 
above  one  another,  "nte  scales  chosen  for  the  ordinatea  and 
abscisste  must  naturally  depend  on  the  distances,  heights,  and 
aniplitndes. 

The  time  may  be  taken  as  the  abscissa,  and  the  elements,  as 
before,  as  ordiostes ;  the  alteration  of  the  direction  of  motion 
may  be  shown  by  corresponding  arrows  placed  along  the 
abscissa  axis. 

It  is  often  advisable  to  proceed  in  quite  a  different  manner, 
taking  the  heights  aa  ordinatea  and  the  nugle  elements  as 
abscissEe,  and  again  to  connect  the  various  corresponding  points 
by  curves  ;  in  this  way  we  can  see  most  easily  how  the  various 
elements  alter  with  the  height 

In  the  temperature  cnrve,  especially,  we  detect  from  its 
various  irregularities,  the  presence  of  temperature  inversioiu, 
isothermal  layers,  and  more  or  less  rapid  decreases  with  the 
height.  If  we  take  as  unit  of  length  for  the  ordinates 
100  m.,  and  for  the  abscissfe  1°  C,  the  adiabatic  alteration  of 
temperature  is  given,  for  dry  air,  by  a  line  inclined  at  IS"  to 
the  co-oidinat 


method  of  representing  graphicallv  the  elements  must  be 
chosen  according  to  Che  purpose  for  wbich  it  is  requited ;  in 
general  it  serves  for  demonstration  and  for  interpolation. 

g  S.  DEBITATIOH  AlfD  OLABSEFIGATION  OF  BEBDI/TS. 

The  mean  valutt  of  the  temperature,  temperature  gradient 
absolute,  relative,  and  spedflo  numiditJes,  direction  of  wind, 
velocity  of  wind,  etc.,  at  the  different  heifihts  are  finally  tabu- 
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Utod  in  one  taiU,  in  order  to  nuke  clear  at  a,  gl 


compuieon  of  the  reBuIto  with  those  obtained  in  other  i 

In  long  Tojages  it  ii  inetructive  to  form  a,  table  showing  the 
hourly  vari&tionB  of  the  elements  in  order  to  obtain  the  daiiy 
ptrUid.  For  several  simultaneous  oecents  from  diRerent  places 
the  distribution  of  [ireesuie  and  clouds  near  the  ground  must 
b«  token  into  account,  aa  well  as  the  difference  in  a  boritont«l 
direction  of  the  rariooa  phjBical  conditions  in  the  separate 
•tiate.  Numeroos  ascents  distributed  over  the  whole  jear 
•naUe  the  yearly  variatiotu  and  difiereacea  in  the  vertical  con- 
ditions to  be  investigated.  Finally  elaei\fieatiimM  according  to 
the  oharocter  of  the  clouds,  distribution  of  pressure  (cyclone  or 
■ntieycliHie),  or  other  aimilar  characteristiGe,  are  often  of  the 
Kreateet  use.  At  the  very  least  the  mean  temperature  gradient 
(per  100  m.)  in  the  eeparate  strata  must  be  datramined  for  every 
ueent,  and  also  the  corresponding  state  of  humidity  of  the  air, 
dond  ftonatioDS,  and  movements  of  the  atmosphere. 


The  above  relates  prineipallv  to  the  results  of  manned 
balloon  ascents.  A  great  deal  of  what  has  been  said,  especiaUy 
with  regard  to  the  compatation  and  classification  of  the 
obeerratlonB,  applies  equally  well  to  records  obtained  with 
leoordins  instruments  alone,  m  unmanned  ascents.  Unmanned 
M^ve  balloons,  baliotu  timdes,  and  kites  must  be  provided 
with  recording  instruments,  in  the  construction  and  testing  of 
which  the  greatest  precautioDB  have  been  taken,  in  order  that 
the  resolts  obtained  by  their  aid  may  be  of  a  value  equal  to 
those  obtained  in  manned  ascents ;  they  should  ooly  be 
•mployed  by  those  who  have  received  a  thorough  instruoUon 
in  the  use  of  the  instruments  from  a  specially  qualified 
instructor. 


.Google 
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gl.  BPB0IFICATI0N8. 

re  neoesBiuil;  based  on  the  parpoee  for  irhich 

.  ^ .    Bd,     We  muat  distinguiah  between  air-ships, 

free  balloons,  c&ptive  balloons,  parachute  ballooixa,  registenng 
balloona  or  balloTU  somUs,  pilot  balloons,  and  hot  air  DoUaons 
or  "  Montgolfiers."  The  gas  to  be  used  for  inflating  the  balloon, 
the  shape,  aize,  and  lifting  power  required  must  be  stated. 

1.  The  gas  (^.  Chapter  I), — The  only  gases  which  need  be 
ocnsidered  are  hydrogen,  with  a  lifting  power  of  I'l  leg.  per 
cb.  m. ,  and  coal  gas,  wiUi  a  lifting  power,  which  maj  be  taken 
as  0'7  kg.  per  cb.  m. 

If  the  balloon  is  to  bs  sent  np  from  any  fixed  place,  it  is 
advisable  to  determme  the  specific  gravity  (s)  of  the  gas  manu- 
factured there,  and  to  calculate  from  this  the  lifting  power  (A) 

1  eb.  m.  air  weighs  1'29S  kg., 
whence 
(1)  A  =  l'293{l-s}. 

In  all  uncertain  oasea  it  is  safest  to  take  for  the  specific 
lifting  power 

I'O    kg.  perob.  i: 
0'S6 

2.  The  shape. — The  most  useful  shape  is  the  sphnical 
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baUoon,  irhen  Bnppoitiiig  a  weiffht  in  the  air  (e/.  "8nr  Im 
TeiiBioii8de8EiiveloppeBetdesFi£ts^"_ii.  deVAi.,  1SSS~90). 

Air-ahipe  and  ballooui  of  Bpeoial  deaigiu  have  ^most  invari- 
abljthe  shapes  of  Tolumssof  rotation  ;  theneceasarjc&lculations 
mar  be  most  easily  oarried  out  by  tha  use  of  Guldin's  rale. 

The  cubical  contents  of  a  volume  of  rotation,  fonned  b;  the 
rotation  of  a  surface  about  an  axis,  are  equal  to  the  area  of  the 


The  area  of  a  aurlace  of  rotation  formed  by  the  lotation  of  a 
line  about  an  axis  ia  equal  to  the  length  of  the  line  tracing  oat 
the  aurfoce,  multiplied  by  the  1eDgt£  of  path  traversed  by  the 
centre  of  gravi^  of  the  line  in  its  complete  revolution. 

Position  of  the  centre  of  gravity  for  some  common  lines  and 


",*■ 


1.  Arc  of  a  circle 

2.  flemicireU  MS=-=0e8e8r, 

3.  Segment  of  a  circle  HS  =  -^. 

4.  Surl^e  of  hemisphere  HS  =  ^  =  0'4244r. 

5.  Triangular  sarfaoe  M'S  =  iT, 
where   M  is  the  centre  of  the 
circle,   r  its  radius,  f=chord  of 

'  U'l'y  »re,S  =  centre 
!  '  1 1      of  circle,  M'  =  middle  poin'.   _. 
the  base  of  the  triangle,   T  = 
^  the  length   of  the  line  joining 

Pjo  ij_  H'  to  the  apex,  F  =  surface  of 

segment. 
3.  Surfaces  of  segmenta  of  a  parabola  (see  fig.  12). 


(Cy.  Z.  f.  L.,  1884,  p.  274;  v.  Brandis  and  LinJner,  "  Vher- 
lichiatdbtlU  des  Oewichtaverhattniaat  vtnehUdaitr  Ballon/or- 
7n/»."  R.  d.  VAi.,  1894  ;  Vojer,  Le»  cones  sph^riqua  ti  Uitr 
applieaivm  d  la  cmatmetion  dea  iatlviu  allonge.  Lauriol,  Svr 
la/orme  det  airoalati. ) 

3.  SiseandliTtlngpower. — These  two  qusntitiea  are  mntnally 
related  to  one  another ;  they  depend  on  the  weight  of  th« 
balloon  material,  the  amount  of  ballast  carried,  and  upon  the 
heijght  or  duration  of  the  proposed  ascent. 

Tha  weight  of  the  balloon    material,   if  known,   ia  easily 
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alkwsd  for;  if  not  known  it  mmt  be  determined  in  the 
laboratory. 

The  strength,  and  hence  the  weight  per  aqnare  metre  of  the 
balloon  material  required,  increaeee  with  the  volume  V  of  the 
baOooD  {cf.  %  6). 

In  oir-eliips  the  rorious  portions  of  the  conetmctioa  moBt  be 
treated  separately ;  it  is  impossible  to  lay  down  any  general 

The  weight  to  he  carried  consists  of  the  passengerB,  the  car 
and  its  fittings,  the  instrumeats,  and  sundiy  other  adjuncts. 
The  weight  (G)  which  a  balloon  of  volume  (V)  can  raise  to  a 
.  given  height  is  found  from  the  formula 
(2)  G^M, 

whereX=llftiagpower  of  thegaepercb.m. 

n  —  ^  =  the  pressure  on  the  earth's  surface  divided  by 
the  pressure  at  the  maximum  height  to  be  att&ined. 


and  may  be  termed  the  height  factor  (Hohenzahl). 

The  Eize  of  a  balloon  which,  unloaded,  should  reach  a  certain 
height  determined  by  n,  may  be  calculated,  when  the  weight 
per  sq.  metre  {m.  kg.)  of  the  material  of  the  balloon  is  known, 
nrom  the  formulse : 


and  G  =  4irT%, 

which,  substituted  in  equation  (2),  give 
4^^  =  *^. 


(6) 


_8ainn'«' 


This  last  formula,  found  by  P.  Henaid,  is  known  as  the  law  of 
the  Atu  cubes. 

From  this  formula  n  can   be  calculated,   when  the   other 
quantities  entering  into  the  formula  are  known. 

/AX 


V  mi 


jgle 
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If  this  Tslne  ii  snbatitatod  in  the  eqastioD  for  Uls  aonnai 

Ag  >=  18100  log  n 
wegrt  _ 

(7)  ^'^^WO'^K^y^' 
which  may  be  also  writton 

(8)  Ae=184001og-j^  +  gl8<001ogl. 
Taking  hydrogen,  and  Betting  A  =  l'l 

(9)*  ioH=  -  llSSS  +  SlSSIog-^ , 

01  taking  eool  gM,  for  vhioh  A  =  0  7 

(10)  A)o=-lB4«  +  8133Iog^. 

The  firat  term  of  eaoh  ezpresBion  is  eoustant,  showing  th*t  a 
bftUoon  filled  with  bTdroRen  should  reach  a  height  greater  by 
16116  - 11833  =  8612  m.  than  the  same  balloon  fiUMTwith  coal 
gas. 

The  second  part  of  the  ezpTesaion  shows  that  the  nomutl 


height  reached  depends  onl;  on  the  relation— j.     Benard  calls 

this  the  eharacUristie  of  the  balloon. 

A  loaded  balloon  will  not  attein  a 
and  will  have  a  different  height  factor  ng.     Suppose  the  i 


deorease  with  the  weight  of  the  balloon.  If  i  is  the  rolatiTe 
pressure  in  the  position  of  equilibrinm  of  an  unloaded  balloon, 
and  -  the  some  for  the  loaded  balloon, 

IBM 

Om+g      Om 

or  no(Om  +  ff)  =  ii.Onv, 

•  The  numben  are  •Ilibtlj  dlffennt  If  other  nlnsi  for  llie  lUtdiw 
power  of  Uia  gu  in  lued.  it  A  tor  h^rogsn  li  taken  ai  lltt  if.,  the 
flnt  ooniUnl  li  -11676.    If  A   tor  owl  gu  Is  tik«R  u  O'TS  kg.,  thn 


?   BALliOOMINa 


n 


1  ibe  height  formols  we  get,  for  k 


fc,  =  18*00  log /'^^~Y 


(12)  .  ^ 

The  height  attainaUt  is  therefore  dBpendent  on  the  Tolume  of 
the  balloon,  on  the  lifting  power  of  the  ku,  ood  on  the  total 
weight  canied  bj  the  balloon.  In  this  calculation  any  influence 
of  heat  or  moisture  on  the  air  and  gaa  has  been  disregiirded. 

We  deflne  as  the  normal  height  (A^)  of  a  balloon,  that  height 
which  it  would  attain  if  the  temperaturas  of  the  air  and  gfia 
were  throughout  0°  C. 

Foi  the  calculation  of  normal  heights,  cf.  Table  XV. 

The  duratwui.  of  thi  flight  of  a  balloon  o(  volume  V  is  deter- 
mined b;  the  alhirationa  which  take  place  in  tbe  value  of  the 
ratio  p  with  time. 

The  lifting  power  at  buoyancy  A  deoreaaeB  oontinnoaaly  in 
conseqneoce  of  diffusion  (^.  J.  VloUe,  Lekrbuch  d»r  Fhytik, 
II,  i).  A  material  should  be  chosen  which  ahowi,  when  tested 
in  the  laboratorj,  the  leaat  amount  of  diffusion  in  a  given  time. 

It  ia  useless  to  attempt  to  prevent  this  decreaee  of  lifting 
power,  which  is  also  brought  about  by  various  other  causes,  such 
as  (a)  tbs  presaure  of  the  gaa  on  the  material ;  [b)  the  eipansion 
of  the  material  ]  (c)  the  balloon  itself  not  being  perfectly  gas- 
tight  ;  and  (rf)  the  loss  of  gas  through  the  heating  and  con- 
sequent eipansion  of  the  gaa. 

In  order  to  overcome  the  loss  of  lifldng  power  due  to  the 
escape  of  gas  and  other  canaee,  a  suitable  supply  of  ballast  in 
the  form  {f  dry  sand,  water,  or  water  loiiied  with  glycerine,  is 
invariably  carried.     By  throwing  out  ballast,  the  relation  ^ 

may  be  kept  nearly  constant  as  loug  as  there  is  sufficient  ballast 
left. 

Ballast  is  also  nsed  to  compensate  for  disturbanoes  in  the 
ascent  (brake  ballast),  due  to  the  deposition  of  moisture  on  the 
balloon,  and  to  assist  in  tbs  landing  operations  (landing  ballast). 

The  increase  of  weight  due  to  the  deposltioa  of  moisture  on 
the  balloon  depends  on  the  material  of  which  the  balloon  ia 
made  ;  it  can  only  be  estimated  for  any  particnlar  oase. 

Josaelin  (£'^^.,  1901)  has  determined  smpiiioally  the  following 
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Weight 

Weight 

Weteht 
per  500 

pi 

tion. 

mgm. 

per  square 

metre 
iDgm. 

h 

Min 

M«T 

Min 

Mat 

Min 

Mai, 

Dew  (light) 

0-lB 

0-6 

16 

50 

7-6 

25 

Dew(heavy: 

0-8 

2-4 

Rfl 

240 

40 

120 

rime 

2 

2-S 

200 

2B0 

100 

145 

Heavy  rain 

2 -54 

3 -a 

254 

860 

127 

ISO 

StonnTain 

4'8 

390 

4S0 

195 

240 

S          11-6 

SOD 

llflO 

400 

580 

-•—Ui-n-vzfl] 


-[(f-ii-ti-fll 


=  the  buojonc;  of  the  balloon  in  kg. , 

=  the  weight  of  air  diapl&ced  b;  the  full  balloon. 


i  and  I    =  temperatures  of  air  at  upper  and  lower  points. 
faxiAf_  =  „  ofgas  „  ,, 

It  is  not  poBBible  to  colcnlste  the  amount  cf  hallasl  ■required  for 
latidin.g.  The  quantity  depends  on  the  degree  of  steadiness  re- 
quired, and  on  the  skill  of  the  conductor 

{,Cf.  TahlaXVI.,  "ReUtiouaof  size  and  lifting  power  of  dif- 
feruit  spherical  balloouB.") 
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%%  ESTDUTK. 

In  establishing  s  bsUooc  dep6t,  the  fbllowing  equipmeut, 
fittings,  ete.,  bjb  neceBsaiy  :— 

1.  The  workshop.  —  A  speciollj  ftrranged  workshop,  with 
separata  building-h^  or  other  auitable  large  room  (station  boll, 
market  hall,  gynmsaiuin,  etc.). 

2.  The  fittlngB.— (a)  Thi  JaiOT-oAnT/.— Chemical  balance  and 
weights,  tearing  machine  for  balloon  material  and  net  stringt, 
testing  machine  with  djnamomet«r,  thread  conntera,  calipers, 
gas  balance  or  Bimsen's  apparatus  for  measuring  the  specific 
gravity  of  a  gas. 

<,b)  The  be^Jui. — Lamp,  table  for  cnttine  oat,  sewing-machine, 
net-knitting  machine,  fan,  rough  balance,  drawing  materials.  In 
a  complete  equipment  all  the  joiner's  tools  necessary  t«  conatmct 
the  Torious  balloon  parts  should  be  obtained.  Joiner's  bench, 
wood -lathe,  metol-laths,  drilling-machines,  and  other  tools  ; 
apparatus  for  vamiah-making. 

3.  The  balloon  materialH. — Balloon  fabric,  raw  or  rubbered ; 
linaeed  varniah,  net  ropes  and  varioaa  other  corda,  tow,  a  hoop, 
valve,  basket,  wooden  pica. 

4.  The  bftlloon  aocasBoriee. — Coverings,  sandbags,  gas  hose 
and  sockets,  anchor. 

6.  The  balloon  itores.  —  Packing- sheets,  sandbags,  gnide- 
ropes,  anchoring  arrangements,  maps  and  instnunents  ;  for  air- 
ships also  motors  and  propellers. 

6.  Worimsn, — Cutter-ont,  worker  of  sewing-machine,  net- 
maker  (sailor),  basketmaker,  mechanic,  cabinetmaker,  turner, 
metalworker,  loctamith. 

7.  Expenses  connected  with  the  ascent.  —Balloon  infiation, 
coat  of  gas,  workmen's  remuneration,  of  joumejs  to  and  from 
the  filling-place,  trouaport  of  balloon  and  return  journey,  repairs, 
upkeep  and  storage  expenses. 

8.  Beserve  fond  for  emergencies. 

e.  Liquidation  of  the  capital  expendltore. 


g  a.  HAIEEUXa. 

A.  Fabrics. — Silk,  cotton  (calico),  linen. 

Sequirements.  — ^A  tight-woven  febria,  linen  or  diagonal  woven ; 
uniform  strong  thread,  with  approximately  the  ssme  number  of 
threads  in  warp  and  woof,  unbleached,  and  without  dreasing  or 
finish.  In  case  a  coloured  material  is  required,  the  chemicals  to 
be  used  in  dying  it  must  be  specified.  Light  weight  and  great 
■trenirth  are  essential ;  the  latter  must  be  tested  in  a  ts^ng- 
machme  in  both  warp  and  woof,  strips  S  cm.  broad  and  18  cm. 

7 
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Wbioht  of  Vaeiods  Raw  Fabbicb. 

1 ,  For  free  ctnd  captive  batlooiui. 

ThafinBatGerman cotton (pen3»le}weighs76-8Bgm.  petaq.  m. 

„        French  ,,  „        130  ,, 

„        Russian  „  ,,        115  „ 

White ailk (Balloon  "Meteor")  „         69 

,,        (Hassianiiiilitorj  balloons),,  8S  „ 

Fongbie  silk  (French  military  balloooB)      80-66  „ 

3.  For  Tt^ttering  baUoota. 

French  (L'Aerophile  No.  3)  weighs      10  ,, 

Enssian         .        .         .  ,,  GQ  ,, 

B.  Qoldbeaten'  AADa,—Sped^C(Uimi. — The  pieces  most  be 

free  from  small  holes  (due  to  wonoB),  and  mast  be  well  greased ; 

the  strength  mast  be  tested  m  above.     Size  of  the  skins  90  x  37 

cm.     A  sqaore  metre  of  the  single  skin  weighs  12*6  gm. 

Qoldbeater^  skvM. 
2  layers  in  thicknesa,  nncoloured,  weigh  26  gm,  pei 


8  ..  „  ,.  „    181 

8  „  „  „  „    213 

C.  Paper. — Must  be  light,  strong,  and  soft.  Japanese  papers 
(from  the  inner  bark  of  tlw  "  WiokstrbmiaQmwcena,"  Japanese: 
gampi,Ed,gev}orthia papyri/era;  Japanese,  mjteu-nuito or >mfto, 
and  Brrmtsotuiia  papyri/era  ;  Japanese,  kodmi),  best  fulfil  these 
conditions,  and  form  the  lightest  possible  balloon  material  for 
sizes  up  to  400  cb.  m.  The  sheets  are  usuallj  small,  but  con  be 
procnred  1'8  m.  square  (e/.  Marten's  "  Uatersuchungen  japan- 
iBchen  Popiera,"  ifitt.  d.  Egl.  techn.  VersachaataiUm,  Berlin, 
1838).     Weight  (according  to  kind  of  paper)  6'6  to  SG  gm.  per 

D.  Bubber.  — Suitable  only  for  small  balloons  up  to  G  eb.  m. 
contenti.  Only  pure  naturalrubber,  free  from  defeota,  and  very 
soft  and  elastic,  may  be  used. 


TSOBNIQUB  or   BALLOOSING  99 

to  fill  up  the  pores  of  the  material :  100  kg.  linseed  oil,  i  kg. 
litharge,  1  kg.  tunber,  heated  for  six  to  seven  hours  at  a. 
temperature  of  from  1&0°  to  200°  C,  being  kept  conatautly 
stirred.  After  a  few  days  the  clear  vamisli  la  drawn  off.  For 
further  coats  a  thicker  varnish  should  be  employed  :  viz.,  pure 
lioBeed  oil,  heated  to  2fl0°  to  270°  C.  until  it  becomes  sufficiently 
thick,  care  being  taken  that  it  does  not  take  Gre :  preserve 
nnder  a  layer  of  water. 

To  prevent  the  parts  of  a  varnished  balloon  sticking  together, 
coat  with  a  shellac  solution,  or  a  thin  layer  of  olive  oil,  as  Boaii 
as  the  varnish  has  beoome  thoroughly  oxidised.  For  balloons 
such  aa  those  used  for  advertising  purposes,  which  are  not  requited 
to  last  long,  bronze  or  aluminium  powder  may  he  rubbed  on  with 
cotton  waste.  This  soon  tarns  green  or  grey  owing  to  oxidation. 
The  addition  of  rubber  makes  the  vamish  sticky  ;  hard  wax  or 

gum  lac  makes  it  brittle. 
Advantages   of   Imited  oii   vontis^— Cheapness ;    material 

easily  made  tight  by  applying  it  with  a  sponge  or  strips  of 

Saiinel ;  great  tightness. 
i>uii^«ai;to^.— Stiekiness,  eapecully  at  high  tem^erstaKe, 

constant   inspection  necessary   during  storage ;   possibility  of 

spontaneous  combustion  after  being  freshly  vamished,  if  not 

kept  in  a  well- ventilated  place  ;  a  very  slow  process  of  maUng 

a  balloon  air-tight 
£,  D«mt«houc. — Pure  nataisl  rubber  dissolved  in  benzene 

is  applied  in  a  thin  even  sheet  over  the  material  and  it  then 

vulcanised. 
Advanlagea  of  the  miUaniaed  rviibtr  material. — Absence  of 

stickiness  at -all  temperatures;  the  material  remains  soft  and 

pliable. 

Diaadvantage*.—^)^  rubber  decomposes  under  the  influence 

of   violet   4nd   ultra-violet   rays,    which   most   be   protected 

against   by    painting    the   outer   layer    of   material    yellow ; 

only  really  tight  when  several   layers  of  mat«rial  are  used  ; 

expensive. 

C,  Ballonln. — A  preparation  of  benzene  and  gutta-pratJia. 
Hot  sufficiently  tight  for  most  purposes. 

D.  Oonjaku.— A  Japanese  vegetable  material  in  the  form  of 
a  powder  soluble  in  warm  water.  Also  not  sufficisntly  air- 
ti^t. 

E.  Ohromiom  glne. — Gelatine,  to  which  a  solution  of 
potassium  chromate  in  warm  water  has  been  added.  During 
the  process  of  varnishing  daylight  mnst  be  exdaded  or  the 
mixture  is  rendered  insoluble.     Not  very  tight. 

F,  fegunold.— A  patent  material,  suitable  for  varnishing 
the  deck  coverings  of  air-ships  (cf.  ' '  Zeppelin's  Air-ship, 
/.  A.  M..  1802). 
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WwoHT  OF  Various  Qab-Tioht  Balloon  Matkbials. 

Fineat  ulk,  with  three  coata  of  varaiBh 

(Balloon  "HetMr"),     .        .       .  75gin.  pertq.  m 

French  ponghie  silk,  five  ooat£  of  rar- 

niso,  for  eait.\l  belloana,  .        .  220  „ 

French  ponghie  silk ,  five  coats  of  vanush , 
for  large  military  ballooDB  over  200 

ob.  m. 268 

Calico,  with  foar  coats  of  varnish,  .  225  „ 

„  „    one  coat  of  rubber,  tdI- 

canUed,       ...  180  „ 

„  of  doable  diagonal  woren 
matoial  with  Tulcaniaed 
rubber  between  the 
layere,         .         .         .  266-280  „ 

, ,  donbletMckneBS,  with  vulcanised 
robber  between  the  layers  and 
an  oui^r  sheet  of  rubber,        .  310  „ 

Pffunoid  material  for  balloons,    .        .120-140  „ 

Wkioht  of  Balloon  Fabbics,  inolttdiho  Sbams. 
French  pongh^  silk,  unvarnished,    weighs     96  gm.  per  sq.  in 
„  „        ,,    with  four  ooats 

ofvamish  and  oiled,       .         .         „       3S3  „ 

Calico,  double,  with  rulcsnited 
rubber  layer  between,  and  an 
outer  sheet  of  rubber,  .         ,,       390  „ 


F.   Haenleiu'i  navigable  balloon, 

1S72 weighed  806  gm.  per  sq.  i 

Dupu;     de     LSme's     navigable 

balloon,   1872,  of  silk,  with 

seven  layers  of  rubber,  .  „  S40  ,, 

Giffard's    large    captive   balloon, 

1 878,  of  muslin,  rubber,  strong 

linen,  rubber,  linen,  vul- 
canised linen  and  muslin,  .  „  1330  „ 
The  German  balloons ' '  Ilnmboldt " 

and  "Phoenii,"  of  robbered 

doable  percale,      .         .        ■        „  330  ,, 

Graf  von  Zeppelin's  air-ship,  of 

vulcanised    robbered   cotton 

(inclading  seams),  .        „  lEO-170  „ 

Coosic 
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The  ismsterinE  balloon   "Ctinis 

JI.    of  mbberadBilk,     .         ,    weighed   e7gm.  pereq,  r 
The  Ngistning  balloon  "I^ngen- 

biug,"  of  nibbend  silfc,        .       „         120  „ 

The  re^tering  balloon  "L'Adro- 


9  6.  STSSNGTH  OF  THE  BALLOON  ENVELOPE. 

The  diOerence  in  the  internal  and  external  preBsures  on  the 
balloon  envelope  increases  with  the  height  of  the  colamu  of  (nu 
in  the  balloon,  and  in  therefore  greatest  near  the  valve  at  uie 
top  of  the  balloon.  The  tension  on  the  envelope  is.  on  the 
contrary,  greatest  iibDiit  50°  to  60°  from  the  apex.  The  &ct 
that  a  rapidlj  rising  balloon  having  a  large  lifting  capacitj, 
with  the  neck  too  small  or  tied  np,  l^rsts  in  the  neighbourhood 
of  the  valve,  ia  dne  to  the  foot  that  the  pressnre  eierted  by  the 
ail  above  the  balloon,  against  which  it  is  moving,  causes  an 
irc^ilar  distributiou  of  the  tension  in  different  ports  of  the 
balloon  envelope. 

The  longer  the  tail  (i),  the  greater  is  the  upward  pressure 
of  the  gas. 

In  any  balloon  the  moiimiun  prsssure  (Q)  depends  on  the 
diameter  (D),  the  length  of  the  tail  {I),  and  on  the  lift  of  the 
gas  (A). 

(li)  Q  =  A(D  +  i)kg.  persq.  m. 

In  testing  the  strength,  the  pressure  employed  should  be 
twice  this  amount,  i.e. 

P  =  2Q. 

It  is  convenient  to  give  the  pressure  apparatus  a  circular  area 
of  1  sqaars  metre,  conespontAng  to  a  radius  of  66*4  cm.  In 
Older  to  be  able  to  calculate  the  tearing  stress  E  directly  from 
the  reading  of  the  manometer,  Q  atmospheres,  and  the  sag  i 
in  cm.,  due  to  the  pressure  on  the  material,  these  should  be 
measured  when  the  material  is  Just  on  the  point  of  breaking, 
when,  if  the  radius  of  the  drum  is  a  cm.,  we  get  for  the  tearing 
stieas  of  the  material  per  cm. 

where  Q  is  expressed  in  kg.  per  sq.  cm. 


POOKBT   BOOK   OF  ABBOKAUTICS 


(IB)  T  =  ^iiil^, 

which  U  based  on  tha  assimipldan  tb&t  the  maximum  pressure 
Q  is  exerted  throughout  the  whole  volume. 

The  tearing  stress  of  atripa  6  am.  brood  and  18  cm.  long,  as 
tested  on  the  tearing  machine,  mnrt  bear  to  T  a  relation 
depending  on  the  factor  of  safety  (t)  conwdered  advisable. 

B=±T. 

For  free  balloone  le  ia  taken  as  between  16  and  20. 
FoT  captive  balloons  k  is  taken  as  20  or  more. 
For  registering  balloons  k  ia  taken  as  2. 

For  apherical  balloons  without  tail  the  formula  for  the 
maiimuin  tension  can  be  written  In  the  simple  form ; 

(17)  T=^. 

Since  --.  for  anj  particular  gas  is  a  constant,  it  follows  that  the 
tensile  stren^h  of  the  balloon  material  must  increase  as  the 
square  of  the  diameter. 

The  breakinx  stress  (R)  must  necessarily  be  always  greater 
than  the  maiimnm  Unaion  (T).     We  have,  in  fact, 


If  this  value  is  substitnted  in  the  preceding  equation 
E_AD«. 


le  presence  of  the  neck  and  tail,  the  follow- 
ing alterations  mnst  be  made  in  the  above  expressions,  Forerery 
^  f.  pressure  per  sq.  m.  of  the  neck, 
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a  i  and  for  every  a 
(21)  AT=^kg, 

n  pennissibl 

6  cm.  bro&d,  miut  be  increBted  bj  an  ami 

(23)  !R=AaT. 
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G   OM.    BB' 

07  Balloon  Materialb 

Calico,                   weigbt 78 gm.   along    285 
per  sq.  m.          the  warp 
■  ,      Si   „        „         81 
,.      88   .,        „        41 

„    (RMsian),       „     116   .,        

Silk,             ,.           „      86   .,        ,.         ... 
Sea  Island,  „           „       7»  „        „        8B 

kg.   along   2Bkg. 

the  woof 

.■       88  „ 

83  » 

..        66  ,, 

82  „ 

88  „ 

The  warp  U  weakened  by  the 
shuttle. 

to  and  fro  movement  of  the 

For  nete,  Busaian  or  Italian  hemp,  Gbina-gnisa,  flax,  eotton, 
and  silk.     For  ropee  also,  Manila  hemp  and  cocoanut  fibres. 

Test  for  strength,  durability,  weight,  and  for  the  increase  of 
weight  when  moist 

AbmluU  strm^,— The  force  with  which  the  material  reeieti 
tearing,  when  strstcbed  in  the  direction  of  its  length :  it  ia 
proportional  to  the  cross  section  of  the  material. 

Breaking  streu  (K).— The  force  per  sq.  mm.  cross  section 
necsHsary  to  tetir  the  material. 

Breaking  stress  for  silk K  =  48-62  kg. 

Breaking  stress  for  China-graBS, .         .         .     K-16        ,, 

Breaking  stress  far  strong  hemp,  .     E  =   4  '8     , , 

Breaking  stress  for  thinner  hemp,       .         .     E  =  6  '1     , , 
(According  to  Weissbach), 

The  sQrength  will  be  rednced  by  tdght  twisting,  tallowing, 
or  tarring. 

The  breaking  stress  of  the  ropes  employed  must  in  every  case 
be  determined  by  reliable  tests. 
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COMTAKATITS  STBKHaTHS  OF  Sbwivg  Hatb&ials 
(EspitaUier). 
Cotton,  .         ,        ,         =         1 
Hemp,   .         .  =         1*3 

Chiua-graw,   ■  =         l'f> 

Silk,      ,        .         .         =         l-Stol-9 


B«.lmig 

DiuneteT. 

Weight  per  m. 

Btreu. 

per  iq.  mm. 

mm. 

gm. 

kg- 

S 

10-3 

60 

1 

15 

90 

s 

21-6 

110 

7 

S2'S 
44-4 

SCO 

400 

S 

66 

670 

9 

76 

720 

10 

84 

860 

11 

90 

1150 

12 

101 

1650 

IS 

127 

1660 

u 

147 

ISOO 

16 

160 

1700 

19 

198 

2800 

Bopes  made  by  htmd  pnived  in  all  cases  to  be  stronger  than 
those  mtushine  made.  With  ropes  of  small  diameter  tile 
variations  in  the  breaking  force  are  considerable. 

S  7.  VSE  OF  MEIAU. 
Thin  metal  plate  has  not  found  (aTonrfor  forming  the  eilTelop«A 
of  balloons,  though  metal  is  used  for  the  Talvee,  ring,  stietduns 
apparatus,  and  for  etiQeniiig,  while  mountings  and  BnuJl 
details  in  the  construction,  such  as  eyes,  hooks,  screws,  etc., 
are  also  made  of  metal.  In  newer  forme  of  aii-ehips  (Schwan 
and  Zeppelin]  almost  the  whole  body  of  the  balloon  is  formed 
of  a  light  lattice-work  of  metal  ;  stasl  cables  are  used  for  the 
suapension  of  the  cor  [Santos  Dumont).  9t«el  wires  and  cables 
are  also  eitensiTely  used  in  connection  with  kites  and  captive 
balloons. 
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Tbnsilb  Stuhotk  o 


DirFBBBNT  Hktals  fbr  an.  mh. 


>i»na  wire— tdim«d, 


— rnwio  wi 
Engliah, 


2>-«      .. 
{According  to  compositioii.) 

Kickel-Hlpminigpi About  40        kg. 

Victoria  alQinimimi  (putiniom) — 
wiought, 

AlOBUUl,   . 

Alnmiuiam  bronie  (10  per  cent.),  oast,  ,,      SE         ,, 

(For  TeUtive  weiehts,  see  Table  Y. ) 

For  aeronautical  vork  msgnaliom  leemB  to  b«  the  moat 
auitabls  aBoj, 

CoMPOsmoK  AND  Pbopibtlkb  of  thb  Liqhtss  Allots. 

(AoeoidinR  to  particulars  furuisbed  bj  tbe  nunafactnren  in 
NBiiliausan(N),  LUdeUBolieidt-ETekiDg  (W  "  ""'  • '  ■■ 
Dentacber  Ma^iaUum-Oesallacbaft  (M)). 


Naiihausen(N),  LUdeUBcbeidt-Evekiiig  (W.  Berg)  (B),  and  b;  the 
"entacber  Ma^iaUum-Oesallacbaft  (M)). 

Wolframinlnin.— TuDgBtao  and  aluminium  with  traces  of 
copper  and  zinc  (Qermau  patent  No,  82,819),  easily  milled  and 
drawn  ;  can  be  used  as  sbeeta,  tubes,  wiree,  angle  piecaa.  Tbe 
material  of  D.  Schwarz  and  Gf.  Zeppelin's  air-ahlpB.  Of  great 
Bezibility  and  eipanaibilitj.     8p.  gr.  3'D  (B). 

Obromalnmininiii. — Priccipallj  coneistdng  of  cbromium  and 
aluminium  (German  patent  No.  00,723).     Sp.  gr.  2-9  (B). 

Magii«.Hinii — Magnesiom  and  aluminium  ;  can  be  melted, 
cast,  milled,  wrougbt,  compressed,  welded,  and  soldered.  8p. 
gr.  2-4-2-B7(M). 

Argenlalinm. — Silver  and  aluminium  (German  patent  No. 
182,812).     Sp.  gr.  3'e(B). 

Mlotel  ftlwmininm.— Sp.  gr.  2'9(B). 

Viotoria-alumlnium. —Copper  and  zinc  with  aluminium, 
Buitable  for  castings.     Sp.  gr.  2-8-8  (B). 

Alniiutn, — 10  percent,  zinc,  2  percent  copper,  SS  peroent. 
aluminium,  can  be  wrought  and  milled.    Sp.  gr.  2  '9  (N). 

Nlckel-ateel— With  12  per  cent,  nickel.  Used  by  M.  Jullist, 
the  constructor  of  tbe  Lebaudy  Air-ship.  Tensile  strength  about 
100  kg.  per  sq.  mm. 
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Calcvlatbd  Bebasinq  Stbkbsbs  of  Stbxl  Cables  v 
Intbbnai.  Hbuf  Cokr.— Breski^  ttttaa  of  the  at 
used  about  220  kg.  pei  Bq.  mm.  (Sedingcr). 


BreoHng 

atnsH  of  ^c 

No.  of 

W 

Diameter 

of  cable 

Weight 
pel  100  m. 

cable. 

wiree. 

mm. 

in  kg. 

2G0 

42 

0-2 

1-8 

1'26 

860 

42 

0-26 

2-8 

2-0 

BOO 

36 

0-8 

2-6 

2-3 

660 

24 

0-45 

3-3 

3-4 

760 

108 

0-22 

3-6 

8-e 

»50 

lU 

0'25 

4 

6-1 

1500 

114 

0-8 

4'6 

7-5 

2000 

114 

0'32 

i-e 

10 

SSOO 

114 

6-8 

11 -8 

2760 

114 

0-4 

6 

13 

8000 

114 

0-45 

6-8 

140 

4500 

114 

0  6 

7-6 

20 

4780 

222 

0-87 

7-9 

23-74 

§  8.  THE  TJSE  OF  DOTERENT  EINB8  OF  WOOD. 

Far  valveB  uid  rings  ;  ash  or  walnat ;  for  baskets  i  wicker 
(willow  wanda)  and  Spanish  cane  :  aelTages  from  fir  ol  oak  ;  for 
crossbara :  ash,  walnat,  beech  ;  for  yards  :  rods  of  ash  ;  for 
stiffening :  bamboo  rods  and  strong  Spanish  cane,  artificial  tabes 
made  from  veiy  thin  wooden  strips  glued  together ;  for  kites ; 
fir.  ash,  and  American  poplar, 

S  9.  THE  OUTTINQ  OTIT  OF  THE  lUIEBIAL. 

(1)  OalonlKtioiu. — The  amount  of  material  necessary  for  the 
maunfacture  of  a  spherical  balloon  exceeds  the  area  of  surface  of 
the  sphere  by  10  to  GO  per  cent,  according  to  the  method 
of  Gutting  out  employed. 

The  breadth  of  the  material,  after  allowing  2  to  4  cm.  for  a 
brood  seam  and  for  OTerlapping,  divided  into  the  circumference 
of  the  balloon  gives  the  nombn  of  balloon  gores.  In  order  to 
obtain  the  breadth  of  the  gore  at  diSerent  latitudes  the  breadth 
of  the  gore  at  the  equator  must  be  multiplied  by  the  following 
nnmbeis: — 
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O'=l-0000 

24*= 0-9136 

48°  =  0-8891 

72°  =  0-3090 

3'  =  0'9BSe 

27°  =  0-8910 

51°=0-«293 

75"  =  0-2588 

a- =  0-8945 

80*-0'S6S0 

64° -0-6878 

78°  =  0-2079 

9''=0il877 

33°= 0-8887 

67''  =  0-6448 

81°=  0-156* 

12'=0-»781 

36°  =  0-8090 

80°  =  0-5000 

84°  =  0-1046 

16*  =  0-9969 

39°  =  07771 

83°  =  0-1640 

8r=0-062a4 

18*=  0 -9611 

42°  =  0-7481 

66°  =  0-4067 

ar=o-»33e 

4B°  =  0-7071 

69° -0 -3684 

The  breadth  of  the  gore  between  lUljr  two  puajlels  ia  found 
by  transfarming  the  cireulsr  meosoTe  of  the  aagle  between  the 
mrallele  (snbtending  on  angle  a  at  the  centre  of  the  baJloon) 
into  metres  accordiitg  to  the  formnlo. 


'0  gorea,  &nd 

(2)  Graphical  determlnatiou  of  a  balloon  pattern  of  auj 
form. — On  a  vertical  diameter  draw  a  half  section  of  the  balloon 
on  the  largest  possible  scale.  Starting  from  one  end,  divide 
the  curve  into  a  large  number  of  parte  as  nearly  equal  oa 
possible.  Drop  perpendicular?  from  the  points  of  dinsion  to 
the  axis  of  revolution.  The  width  of  any  eore  ia  given  b; 
the  distance  between  the  perpendiculars,  end  the  breadth  at  any 
point  is  fonnd  by  multiplviDg  the  lengths  of  the  perpendicnlara 
by  2ir  =  6-2S3,  and  dividing  the  number  so  obtained  by  the 
number  of  Hgments  which  the  twlloon  is  to  have. 

(3)  Fiiuterwalder'a  metiu)d  (D.K.F.  No.  126,068).  — Fin- 
eterwalder  hoa  auggested  a  new  method  of 
cutting  out  the  material,  in  which  the 
balloon  is  considered  as  a  al)berical   heza- 

L   hedron.     Thia  method  of  cntting  out  effects 
1  t>  great  saving   of  material  (22   to  30  per 
I  cent,],  and  h^  the  further  advantage  that 
the  seams  are  fewer  (46  to   65  per  cent.) 
(J.  A.  M.,  p.  155,  1902). 
The  breadth  of  the  material  and  ciimunfer- 
-  Vlnater-  ence  of  the  sphere  must  he  used  as  the  basie 
™o^  of  for  the  cutting  out  of  the  pattern.    The 
*•"""""'*■  lengUi   and    form   of   the  twelve  ■  cornered 

■egmenta   of   the   regular   hexahedron  imagined  inacribed   in 
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the  sphere  are  first  determined,  und  from  these  the  different 
forms  of  sBHrnents.  which  are  to  serve  to  fill  the  four-cornered 
se^eutB  of  the  spherical  sarface  are  deduced. 

For  details  concerning  other  mathoda  of  diviBion,  asing  regular 

Kljhediu  of  larger  numbers  of  sides,  applicable  to  the  case  of 
^r  balloons,  consult  the  appendix  to  the  above  patent. 

§  10.  THE  TAHiOB  WOBK. 

1.  The  prepantion  of  modeli  {cf,  fig,  14). — The  gores 
obtaioed  as  above,  either  bj  calculation  or  construction,  ore 
divided  into  two  halves  and  are  sketched 

on  pasteboard.  The  models  are  cot  out, 
care  being  taken  to  allow  aaffident  breadth 
for  the  seam  and  for  the  overlapping  of 
material  at  the  seam. 

2.  The  catting  out — Be  as  economical 
as  possible  in  cutting  out  the  material, 
and  take  care  to  avoid  seams.  Mark 
the  material  to  correspond  to  the  pattern 


detected  and  avoided, 
that   the   manufacture  of  balloons  can 
ba  carried  out  on  a  large  scale,  to  ont  r 

all  the  sections  aimultaneouslj  on  a  cut- 
ting machine.  t 

8.  The      nwdlewwk.  — Breadth     of 
seams,   O'S  to  2  cm.,  according  to  the  ' 

size  of  the  balloon.  Hem  ran  edges. 
In  the  case  of  rubber  materials,  fold  the 
two  edges  into  one  another  to  give  a  flat 
surface  and  sew  through  them,  afterwards 

smearing  the  thread-holes  with  rubber  yia.  u.—Pattern  of  bal- 
Bolution.  Then  stick  pieces  of  the  loon  BsgnieDC  lot  ■ 
material  over  the  seams  with  rubber  solu-  ^"b'S^c^lUSa  "' 
tion.      Moisten   rubber   materials  when  .capwiir. 

sewing.  Sew  the  gores  together  in  twos  or  threes  first, 
afbrwards  several  with  one  another.  Test  the  strength  of 
the  tbt«ad  and  seams.     Make  the  stitches  1  to  2  mm.  apiu^ 


VomiBh  the  goree  in  turn,  carefully  making  tight  all 
seams.  Varnish  one-half  of  tlie  envelope  first,  then,  after 
aUowing  it  to  dry  in  a  tight  airr  place,  but  protected  from  tiie 
son's  raja,  for  some  days,  treat  tlie  other  half  in  the  same  way. 
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Diy  each  lialf  aepontely  by  hanging  on  a  wheel'like  (ramework, 
BO  that  the  (kbric  hangs  around  the  wheel  b  the  sb&pe  of  a  bell. 

Proceed  in  the  folIowiDg  manner : — (1)  Use  a  thin  varnish 
which  penetrates  the  fabric,  an  one  side,  then  turn  the  envelope. 
(2)  Give  a  thin  coating  of  vamish  to  the  other  aide.  (S)  Qive  a 
thick  coating  of  varnish  to  close  all  pores  on  the  outside.  (4) 
Give  a  thick  coating  to  the  inner  side  so  aa  to  cloaa  the  pores 
completely.  (5)  When  thorooghly  dry,  paint  a  thia  coating  of 
olive  oil  on  the  outside. 

The  most  careful  workmanship  and  very  slow  diying  are  essen- 
tial conditiona  for  tha  production  of  a  good  tight  envelope,  tne 
trom  stickiness. 

AUOtTKT  OF   VABNlaH  MBCE£aAET. 

The 

1st  ooat  requires  1*6  times  the  weight  of  the  envelope  in  vamish. 


6th  „  0-1 

The  seams  are  taken  into  account  in  this  table.  The  natnie  of 
different  fabrics,  and  the  care  with  which  the  varnishing  ia  carried 
out,  canae  deviations  from  these  figures  to  oceur. 

For  dijing,  a  space  with  clean  Soora,  free  from  sand,  must  be 
used,  'fte  envelope  should  be  blown  out  with  air  in  order  to 
accelerate  the  drying  only  in  a  case  of  necessity.  Kenew  the 
air- filling  frequently. 


1.  English  DMthod  (Howard  Lane,   18S7  ;  English  patent, 

No.  1S,S67). — Lay  and  fasten  together  the  smaU  skina  on  a 
spindle  whose  length  is  equal  to  the  diameter  of  the  balloon. 
The  spindle  is  fixed  in  brackets,  and  is  turned  about  ita  axis 
until  a  point  on  its  surface  has  covered  a  distance  equal  to  that 
of  the  circumference  of  the  balloon.  The  number  of  tuniB  neoes- 
aary  is  given  by  the  circumference  of  the  ballooa  divided  by  tiut 
of  the  spindle. 

%  French  method  (Lachambre,  Paris).  —  Lay  and  faaten 
together  the  skins  over  a  model  balloon,  tightly  inflated  with 
til.     Hang  the  balloon  so  that  it  may  be  readily  turned  abont 

3.  Ezeontion  of  the  work.  — Oil  the  model.  Soften  the  pre- 
pared gold-beaters'  skins  in  water  and  lay  on  the  pattern,  catting 
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off  irregulaT  edges  willi  BCtssore.  Lay  th«  edge*  OT«r  one  another 
Bftd  featen  toeetber  with  iBin^asB.  Put  a  second  layer  aver  the 
junctaon  while  the  first  is  etui  moist,  and  so  on  up  to  three  or 
four  thicknesses.  Olne  over  the  whole  bands  of  skin  of  five  or  six 
lajets  in  thickneas  to  form  a  network  covering,  which  will  act  as 
a  protection  a(;aiust  accidental  tearing  of  large  sections.  Above 
these  place  another  three  or  four  tbicknesses.  Strengthen  the 
envelope  at  the  two  poles.  In  the  English  method,  cover  the 
surface  with  material  during  a  whole  rerolution  of  the  spindle, 
and  when  the  whole  circumference  is  ready  and  dry,  carefully 
unroll  the  spindle. 

In  the  ^ench  method,  deflate  the  model  balloon,  at  the 
same  time  inflatiiig  the  goldbeaters'  skin  balloon, 

g  13.  THE  TAIL. 

Object.  — To  lead  in  the  gas,  and  to  enable  the  gas  to  flow  out 
when  the  pressure  inside  the  balloon  becomes  greater  than  that 
outside. 

Benard  giveB  the  following  dimensions,  deduced  from  eiperi- 
meats  earned  out  in  Chalaia'Meudon  :— 

(a)  For  hydrogen  balloons : 

Smallest  diameUr,       d„  =  0  "008  D*     metre. 
Smallest  length,  Cg  =  Ug  metre. 

Smallest  cross  section,  Sh  -  0*00006  D"  sq.  m. 

(b)  For  coal  gas  balloons  : 

Smallest  diameter,         d^  =  0  01  D)       metre. 

Smallest  length,  Ig  =  idg  metre. 

Smallest  cross  section,  Sq  =  0  -OOOOB  D)  sq.  m. 
The  tail  is  sewn  on  as  a  cylindrical  tube  attached  to  a 
circular  aperture  in  the  envelope  of  the  balloon,  the  material 
around  the  aperture  being  strengthened.  The  mouth  is 
stiEfened  by  a  ring  of  wood,  over  which  the  eyes  of  the  taU 
cord  are  fastened. 

Tail  valves  (cf.  f  11)  are  either  bound  or  inserted  into 
the  mouth  of  Uie  tail.  They  must  open  antomatici^y  as 
soon  as  the  interior  excess  presstue  becomes  almost  equal  to  the 
maximiim  pressure  Q  («/*.  S  B)- 

g  14.  BAUAON  TALVm 

We  mtiBt  distinguiab  between  ManceuvriDg,  Empt^g,  and 
Tail  valves. 

In  tree  balloons,  with  *  slit  and  tearing  line,  only  a  ma- 
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nceiiTriiig  voire  is  need  ;  in  nptiTe  bdloons  both  emptfiug  and 
tail  Talvea  an  nsceBsu;. 

Thi  owning  moat  be  gas-tight,  readily  opened,  and  of  con- 
Tenient  size. 

The  su'tight  opeiiiiig  in  almoet  all  the  following  Ifpes  of 
Talves  IS  obtained  bj  means  of  indianibbeTplates  and  tabes, 

(IJ  Pressure  of  shaip  metal  ooTners  (GiBard,  Ton),  or  robber 
corners  (Oroaa)  on  hollow  robber  plates. 

(2)  Pressnre  of  rabbet  rims  agMDst  metal  rims  (Herv^),  or 
•gtuiiat  wooden  rinKS  with  wooden  ohannel  (Moedebeck). 

(3)  Rubber  membranes  kid  against  metel  enrfaoea  (Graf  t. 
Zropelin), 

(i)  Window-like  valve  opeuiiWB  filled  up  hj  inflating  rubber 
ODshioDB  Ipng  against  them  (Benard'a  valve,  fig.  15.  A, 
manometer  ;  B,  cross  tubsa  with  valves  ;  C,  rubber). 

Liquids,  soch  as  glycerine  or  Peru  balsam,  should  not  be  used 
to  make  the  valve  ^stight  The  valve  is  kept  closed  by  means 
of  guiding  pins,  oi  by  a  suitable  grouping  of  levers  in  com- 
bination with  springs  or  robber  bands. 

The  springi  must  be  all  of  the  same  strength,  and  so  dis' 
tribated  that  they  produce  a  uniform  pressure  over  the  tighten- 
ing snr&ce  of  the  valve.  In  order  to  find  the  necessary  TiftLng 
power,  all  these  springs  must  be  taken  into  consideration,  the 
sensitiveness  of  the  packing,  the  weight  of  the  separate  parts  of  the 
valves  and  of  the  valve  line,  and  the  strength  of  the  baUoonist 

(Single  screw  valves,  C.  Liilleman  ;  German  patent  No.  32,949, 
Z.f.  £.,  188B,  p.  33.) 

Tjpei  of  valvBB.— Plate  valves,  clap  valves,  tube  valves, 
and  membrane  valves.  The  length  of  stroke  in  the  case  of  a 
plate  valve  most  be  at  least  half  the  radins  of  the  valve. 

Size  of  Talte  Opbhihos  (Kenard). 
D  =  diameter  of  the  balloon  in  metres. 


Kind  of  balloon. 

Haiueuvring  valve. 

Emptying  valve. 

Smallest 
diametet. 

Smallest 
section. 

Smallest 
diameter. 

Hydrogen,   .      . 
Coal  gas.      .      . 

aq.  cm. 
0 -008901 
0-0218  D* 

1064  Dl 
l-«88Df 

sq.om. 
0-0178  d! 
0-0486  D* 

l-B04Dt 
2-868  D* 
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ThMe  fi^nm  us  based  on  the  t 
to  be  empbed  in  the  first  minnte 
ease  af  tne  mauceUTring  valve, 
■nd  of  ^th  in  the  Oftse  of  the 
emptring  valve.  A  moM  exact 
theoretical  deduction  can  be 
obtained  &oni  the  fonnnla 
given  in  Chaptet  I.,  A,  g  11. 

The  tail  Wve  ^ould  avert 
the    outflow   of  ^u  and    the 


the 


balloon  swinging  abont  and 
the  pressure  of  the  wind,  and 
should  retard  tfi^unoti.  Incase 
the  balloon  is  aocidentallj  let 
free,  it  should  automatiDally 
open,  owing  to  the  excesB  in- 
terior preeanre.  UsuoUj  pUl« 
or  metnbnuis  valves,  opening  ontwards, 


employed. 


B 16.  THE  lEASmS  iSRASaiESESTB, 

A  simple  bntton-haled  slit  on  the  upper  hemisphert,  preferaUj 
of  triangnlsr  shape,  of  height  —  in  the  direction  of  the  meridiuL 
The  inner  surface  U  covered  with  a  similarly  ehaped  piece  of 
Value 


Hull 


Slit 


tor  a  rnbbared  fabric  bsUoon. 

material,  whose  edges  extend -15  cm.  beyond  the  edge  of  the 
slit  At  the  DD^  point,  which  is  strengthened  by  a  square 
pieceof  material,  wanoched  a  wooden  roller  (a,  see  fig.  16),  and  ^ 

8 
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nip*  to  connect  iritli  the  tetning  line  (b).    The  lattra  is  distdn- 


looping  through  a,  ring  fastened  to  > 
chain  attached  to  the  valve  (c),  and 
breaks  away  only  when  a  poll  of  60  oi 
70  kg,  is  eiertea  on  it. 


§  IS.  TEE  R 

The  roue-maker's  work  inclndes  at- 
taching the  car  to  the  envelope  of 
the  balloon.  In  tbe  case  of  captive 
balloons  the  attachment  of  the  cable 
also  cornea  under  thia  beading.  Beside* 
these,  the  arrangements  for  mamxlirring 
and  anchoring  most  be  inclDded. 

The  car  is  attached  to  the  envelope 
of  the  balloon : 

(1)  By  nete  (Charles,  1783)  (a,  dia- 
mond nets,  b,  square  nets,  c, 
meridian  nets). 

(2)  Girth  net  (Mensnier,  1784). 
(8)  Net-coverings  (Dupny  de  Lflme, 

1872). 

(4)  Gitth  Buspenaion  (v.  Sigsfeld, 
1890). 

(5)  Single  line  suspension  (Riedinger, 
/\  1896). 

B  >         1.  The  net.— O^erf.  — External   at- 

I  /      tachments  to  the  balloon  envelope  are 

]/         made  by  means  of  the  net,  nhieh  serves 

"         to  distribute  the  pressure  and  pnll  over 

the   whole    surface    of    the    balloon. 

Adjuncts  to  nets  ;  valve  ring,  net  cotbt, 

suspension  net,  hoop,  holding  net. 

(a)  The   diamond  net. — Acconuno- 

datea  itself  tc  eveiy  alteration  of  form 

of  the  envelope  of  the  balloon,  but  often 

stretches  the  material  of  the  upper  half 

fe  of  the  balloon  inside  the  meshes  to  a 

great  eitent,  so  facilitating  the  diHu- 

fts,  le.— Segment  of  neck  sion  of  the  gas.     The  knots  of  the  net 

wBh  g««e-s  neck*  lor  destroy  the  tightness  of  the  material 

snapeDa  nt  nee  ^      ^^g   extra   presenre   and    friction, 

and  catch  in  the  nuiterisi  itself. 


(;.> 
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CimitruaifOn  of  the  diamond  iwt. — A  Urge  Domber  at  vatAX 
meshes  hsve  the  advantage  that  they  enable  thinner  string 
to  be  QBed,  and  consequeotlj  snuJler  knots,  oaoaing  smaller 
tension  and  stretching  of  the  material.  Detenaine  the  number 
of  meshes  at  the  equator  of  the  balloon.  Make  tbe  length 
of  a  meah  twice  its  breadth.  Multiply  tbe  breadth  of  the 
net  b;  the  numbers  KiTen  in  the  table  in  §  9.  Construct  a 
chain  of  meshes  (^.  eg.  IS).  Hark  in  the  meshea  in  the  right 
proportioQB— breadth  to  length  as  1:2.  Measure  the  lengths 
of  the  sides  for  the  purposes  of  knitting.  At  a  suitable  distance 
&om  the  pole,  where  the  meshes  become  too  small,  the  relatian 
between  the  diagonals  of  the  rhomboid  are  altered  in  favour  of 
the  longer  diagonal.    The  end  strings  are  provided  with  loops 


lottraUro 

and  etnmg  on  a  rope  rim,  or  wire  rim.  The  latter  mast  fit 
exactly  aronnd  the  valve  rim.  It  is  strapped  on  to  this  or  is 
fastened  in  a  special  metal  groove  In  every  csae  it  muBt  be 
immovably  fiiM  to  the  valve  rim.  This  upper  part  of  the 
diamond -shaped  net  is  called  the  "star"  of  the  net  from 
its  shape. 
Some  30°  to  4G°  below  the  equator  the  suspension  net  is 


The  strings  of  tbe  goose's  neck  are  drawn  through  bronie 
irngs  (q^  Sg.  19),  in  order  that  all  may  be  equally  stretched 
when  any  alteration  of  the  direction  of  pull  occurs.  On  the 
lowest  goose's  neck  tbe  suspension  gear  cord  is  fastened  by 
bull's  eyes  of  beech-wood  or  brouze  (<^.  fig.  20).  The  gui<^ 
rope  is  mmished  with  a  spliiwd  loop  at  tbe  end  to  fostoD  it  on  to 
the  ring. 
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=  nDmber  of  meshes  bIods  kd;  oI. 
V  =the  ratio  of  the  length  to  the  bteadth  of  ft  n 

usual];  2: 1  =  2; 
B  =  tbe  anete  which  the  particular  radina  of  the  iphen 

under  cowddention  oiakee  with  the  *xi«  of  the 

ballMia ; 
e  =thebaieof  the  natural  logarithinB—2'718SSi 

then  the  number  of  mesbee  in  the  direotion   of  the  meridian 
within  the  angle  a  is  given  by 

B  =  — i -""logoot-^ 

2irlog«    c       "  2 

=0'3fi848^1ogcot^; 

and  conversely  loR  cot  A  =  2'T18<i— . 

At  the  eqnator  the  breadth  of  a  meBh  =  — 

and  the  length  =  i^. 

The  dimensious  of  &aj  mesh   are  found  by  anlti{>l;ing  by 


This  expresaioD  multiplied  by  the  weight  of  the  Btring  per 
unit  length  gives  the  total  weight  of  the  covering  net.  A 
certain  percentage,  not  yet  determined,  must  be  added  for  the 
knots.  It  is  dependent  on  the  diameter  of  the  string  and  euy 
to  determine  by  ascertaining  the  proportion  of  string  used  up 
per  Inot.  With  strings  of  dlffecent  strengths  the  separate  parts 
must  be  independently  calculated  and  added  together. 

The  Unsiont  in  lAt  iw(.— The  longitudinal  tension  in  the 

r reiki  suspension  strings  Iq  ia  calculated  from  the  total  weight 
(bashet  with  contents  and  net)  and  the  nnmber  of  meshes  of 
the  net  n,  at  the  equator : 

(^^'  ^  =  S-^' 

njSmBo 


TBOBNIQUB  Or  BALLOONINO  117 

Ths  longitudiiul  tannaii  L  i*  given  by 

wh«r«  n  it  the  OMffioient  of  friction  between  the  net  and  enrelope. 
The  tension  (S)  in  the  sides  of  the  meshes  is : 


T?u  pmtttre  of  tht  net  offaiiat 
baa  developed  the  following  formula  loi 
(Ni)  of  the  net  against  the  covering  of  the 

(sinnjp-l 
i—  ^ 

L^tltuda  of  auspeniion  of  Car 


rne  pmtttre  o/  uit  na  affaiiat  t/u  covering. — Finsterwalder 
has  developed  the  following  formula  for  the  nonnal  presnin 
(Ni)  of  the  net  against  the  covering  of  the  ballctau  % 

2-^    V      ""^   (sil.«.)^+l  '^      "^ 
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The  increase  hj  Mctiou  =  /uiN  per  mesh  must  ba  added  to  this. 

ThepreaiMTt  of  the  net/or  differtnt  iegrets  of  frKiion. ~~Th6 
valae  of  the  ooeffioient  of  friction  ^  between  dry  strings  and  a 
di7  cotton  covering  is,  according  to  the  eiperiments  carried  out 
by  LiaDlcnant  Eeitmeyer,  at  Finsterwalder's  instigation,  0*20  to 
0*28.  For  wat  material /(iamiicligTeaterand  frequentlv  exceeds 
luitj.  On  account  of  the  elasticity  of  the  cotds  of  the  net 
And  the  flezitulitjr  and  creasing  of  the  balloon  material,  the 
afllaot  of  friction  may  be  left  out  of  consideration  when  the 
tension  is  great     Fig.  21  shows  the  relation  L  :  L^  for  different 
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Tslnw  of  fi  oompared  to  the  cane  -when  n=0.  The  cue  when 
H  is  n«ntiT«  shows  the  effect  of  frictioii  on  a  net  net 
(/.  A.  M.,  p.  1,  1901). 

TKe  itniOtnjr  of  the  n^.  — For  kaittine  the  net  we  require  & 
knitting  bench  (fig.  22),  carrying  one  fixed  and  o"-  — — *■!• 


e  movable 


zCt 


a 


RS.  ££.— Net-miklng  besch. 


peg.  It  should  be  gradnated  in  centiraetrea,  m  that  the  p«j(e 
ma;  be  quieklj  »et  at  any  deured  distsuce  apart.  The  net 
line  should  be  wound  on  amall  p^s.  The  knittmg  is  begun  bj 
winding  loops  orer  the  fixed  peg  a,  the  enull  peg  on  wbwh  the 


FIO.  SS.— SnipendlBg  net    GlSud't  ijetem. 

being  formed  b;  splicing  the  two  ends.  After  completing  the 
first  row  of  meahes  the  morable  pes  is  pushed  on  a  distance 
eqoal  to  the  length  of  the  side  of  £e  next  meeh,  V,  and  tile 
eecond  row  ia  knitted  in  ■  similar  manner.  If  the  knitting 
bench  is  not  long  enongh,  ths  completed  medie*  must  be  lifted 
off  'Com  bench  and  the  Itut  row  placed  OTer  the  p^  a. 
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The  anBpendiiig  net  is  knitted  in  a  aimilu-  muiner. 

Tke  gMpending  n<t.  —  The  suspeDding  net  U  ooDatrneted 
diiectlj  on  goose's  necks  and  fastened  to  the  net,  either  abore 
the  equator  or  at  its  equator.  The  lowest  points  are  fnniisbed 
with  slips  for  fastening  on  the  suspending  ropes,  which  tuost 


be  of  such  a  length  that  tbe^  reach  to  the  lower  side  of  the 
balloon  car  when  the  balloon  a  ascending.  Shortening  of  the 
suspending  net,  Giffsrd'a  syatem  (see  Bg.  2it).  Qf.  C.  Tisaandier, 
Le  Grand  Ballon  caplif  d  vapeur  de  H.  Qifard,  Paris,  1878), 
Benard's  system  (c/,  6gs.  24  and  26). 
Load  on  diamcmd-skaped  neti. — The  load  conetponds  to  ths 


Fio.  tt.— BiupeDdlng 


Eeoanl'B  iystem. 


total  lifting  power  (N)  diminished  by  the  weight  of  the  cover, 
ta^,  and  y^Tes.  Owing  to  the  croes  tensions  in  the  parallelu- 
grame,  which  are  a  maximum  foranangleof4B°  (when  the  ratio  of 
1 :  Imust  be  taken),  the  actual  load  must  be  multiplied  bytheeo- 
efficientr414.  Thetableonp.  120  is  taken  ^omthereportofthe 
Conmittee  for  Intcrnatianal  Balloon  Expeditions,  Paris,  1900. 
From  this  table  we  can  calculate  the  strengths  of  tiis  single 
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net  and  Bnpporting  cordB,  whieli  must  h»ve  together,  in  uoh 
row,  s  breaking  stresB=10  P. 

If  we  divide  the  nnmbeT  of  meeh  cords,  goose's  neck  cords, 
rauning  ont  lines,  and  car  lines  into  the  figurs  in  the  fifth 
oalmnD,  corresponding  to  the  size  of  balloon  emplojed,  we 
obtain  the  neeessaiy  breaking  tension  of  a  single  line  (p). 

The  oroM  section  (>)  can  be  determined  if  we  know  the 
breskiiig  modulni  K  of  the  corresponding  materiaL 


whMtoe  the  diameter : 


na.  m— UaridlaR  i 


JVaMrmiton  o/'(A«  n<<.— Protection  against  moisture  and  rot ; 
par^n,  soaking  or  saturating  with  sodiiun  acetate.  Dry  tile 
net  in  Qit  son  sa  soon  ae  it  haa  become  thoroughly  wet. 

(b)  The  aqnare  net.— Does  not  increase  in  length  in  the 
direction  of  the  paralleU,  preesee  the  covering  together  vei7 


strong  in  this  duection  when  wet.     Not  to  be  recommended. 
(e)xlie  meridian  net. — According  to  Finsterwslder's  reoon 
mendatioDS,  only  to  be  need  when  fitted  with 


mple  and  light,  has  everywhen 
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2.  Tho  net  ooveiing. — ConsiBta  of  durable  material  with 
girth  strengthening,  covering  the  balloon  down  to  vhere  the 
BDspending  net  is  hung.  Causes  a  regular  distribution  of 
pressors  and  Motion  on  the  balloon,  fiendara  poadble  the 
protection  of  the  balloon  material  against  the  preeipitatioii  of 
moisture  and  increases  tbe  tigbtnees  of  the  balloon. 

DiiadvaTitagea. — Heavy  weight  and  nn equal  action  at  difierant 

S.  Loop  fastening.— Loops  sawn  on,  either  at  the  height  of 
the  equator  or  somewhat  loner.  The  aQapenaiou  gear  cord  ie 
fiutened  to  rods  or  to  the  ends  of  rods  wbicb  pass  through 
these  loops. 

1.  Qirth  fMtetdng.  —  With  strooK  and  eapeciallj  with 
rnbbend  diagonal  balloon  materials  the  aopporting  net  ma; 


be  fastened  to  a  girth  sewn  and  glued  oi 


sapportiE 
tiiB  oalloH 


no.  ST.— Girth 


Advanlage. — Keeps  tbe  anapending  net  rigidly  in  podtioQ. 
The  cord  may  be  fastened  by  the  three-loop  system  (see  fig.  27). 
(ty.  T.  Parseval,  "  DrocbenbaUon,"  Z.f.  L,  18S6}. 

G.  Single  line  fMtening.^Only  applicable  to  small  signal- 
ling and  robber  balloons  ;  small  plate-shaped  pieces  of  rubber 
of  double  tbi^esB,  fitted  with  mbber  loops,  are  attached 
to  the  balloon  at  equal  distances  apart  on  tbe  equator.  A 
■ingle  cord  is  attached  to  each  loop,  these  being  ^t«ned  together 
ftt  B'snitable  distance  below  tbe  balloon. 

§  17.  THE  HOOF  OE  BINQ. 

Fit  thin  sheets  of  wooden  strips  t«  a  suitable  hoop,  mould 
and  glae  them  togetiier.     As  soon  as  the  strength  is  sufficiently 

rt,  plane  down  to  the  desired  ctosa  section,  and  notch  at 
places  where  wooden  pina  for  the  suspending  cords  or  oar 
lines  ore  to  be  fixed.  Fasten  the  wooden  pins  with  16-20  cm. 
cord.  The  hoop  must  be  oiled  or  polished  and  the  fastening 
cords  varnished. 

In  the  case  of  hoops  of  metal  tubing,  the  joint  must  be 


wSon 
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etroQgly  riveted  with  heavy  pins ;  paint  the  hoop  vith  red  lead 
and  wrap  round  with  string.  Over  this  fkaten  the  pieces  for 
tha  attachment  of  the  ropes.  Sizes  of  these  cross  [liecM  for 
aupportinff  the  cai  in  the  cose  of  free  balloons  10  cm.  Ions  b; 
S  cm.  in  diameter,  foi  the  Bnapension  gear  cord  7'5-9  cm.  long, 
by  2-S  cm.  in  diamaMr. 

g  16.  THE  BABEFF-UAXEB'S  WOBE. 

Willow  and  Spaniah  re«d-work.  Generally  both  ure  employed, 
the  more  durable  oane  being  naed  for  ports  which  require  to  be 
J  6ita  and  for  those  wmch  an  subject  to  the  most  wear, 
[low  cane  is  lighter.  The  upper  edge  mast  be  stiSened  bj 
»  strong  tube  of  willow  or  cane,  inside  by  a  light  bent  metal 
tube,  or  by  bamboo  atiffemng.  Where  it  is  desired  to  reduce 
the  weight  OS  moch  as  possible  the  usual  basket-work  may  be 
replaced  by  .a  crossed  lattice  work,  with  split  Sponiab  reed  in 
the  remaining  parts. 

The  basket-work  under  the  Boor  must  be  coDtinuoos  with 
the  rest  of  the  basket-work.  The  floor  is  protected  by  laying 
leather  strips  over  it,  and  where  the  reed-work  is  subjected  to 
friction  by  rubbing,  it  moy  be  wrapped  round  with  string. 
The  floor  is  protected  against  sudden  blows  hy  cross  pieces  of 
wood,  which  serve  at  the  same  time  to  prevent  it  from  bending 
under  the  weight  carried. 

Keepers  are  provided  around  the  edge  of  the  cor  to  hang 
OD  the  saud-b^,  and  to  facilitate  packing  on  landing  ;  it  is 
also  advisable  to  provide  catches  for  ropes  at  a  small  distance 
above  the  floor,  both  iueide  and  oatside  the  car. 

The  car  ropes,  usually  eight  in  number,  end  in  loops  or  small 

The  height  of  the  basket  work  above  the  base  must  be  at 
least  80  cm. 

For  greater  convenience,  the  internal  arraDsementa  are  usually 
fomishAd  at  the  time  of  making,  with  a  basket  seat,  eerviug  at 
the  same  time  for  storue  purposes,  with  compartments  for 
oxygen  bottles,  etc.  For  u>ng  voyages  Eerv^  constructed  a  car 
with  double  walls.  The  space  between  them  was  divided  into 
different  receptacles.  In  the  case  of  large  balloons  (Nadar's 
"L«  G&int,  Andrie'a  "Oren")  the  cars  were  also  provided 
with  sleeping  and  living  arrangements. 

In  a  free  balloon  the  ropes  for  attaching  to  the  balloon 
ore  distributed  imifonnly  round  the  hoop.  A  diagonal  arrange- 
ment of  the  car  ropes  makes  the  anachment  to  the  hoop 
stronger.  In  the  cose  of  captive  balloons,  and  with  balloons 
intended  for  tugging,  a  Cardanir  fastening  is  better. 

Can   or   wicker-work    cradles   for    air-ships   (for    military 
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Enrposea)  are  made  in  the  same  wky  ae  the  Uttloe-work  cu, 
nt  ont  of  bamboo  or  a  atrong  light  wood,  witk  -steel  irire  to 
■erre  as  a  stifleiiiiig  for  the  magonali,  and  coppei  wire  ai  a 
tnuding  material, 

g  la.  LAHDmO  ABRAlfOEHBNTS. 

1.  Te»riiigaii»ng8mentg(e/.  §15),— WhennBedinoombina- 
lion  with  the  trail  rope  of  each  anchor,  the  teariog  arrangement 
makes  the  landing  with  proper  handling  quite  safe,  even  in 
a  strong  wind,  in  consequence  of  the  momentary  emptjrillg 
of  the  ballooD. 

In  German;  and  Austria  the  tearing  arracgMneat  is  nsad 
without  the  anchor.  The  trail  rope  must  be  fastened  under- 
neath the  tearing  rope  OD  the  balloon-hoop. 

2.  Anchor  with  motion  or  tearing  biakes,  trail  rope,  and 
emptidug  valve.— The  trail  rope  prevents  a  sudden  jerk  as  the 
balloon  leaves  the  ground,  and  aimilarly  decreases  the  velocity 
offallofthebaUoon. 

The  anchor  needs  more  or  less  time,  accoiding  to  the  nature 
of  the  ground,  before  the  flukes  are  properly  caught.  The 
friction  with  which  the  anchor  slides  down  the  trail  rope  ot 
anchor  rope,  or  tbe  "  tearing  brake  "  in  which  the  anchor  rope 
is  put  in  tension  only  after  a  gradnal  tearing  of  several  cords 
(becoming  xuccessively  stronger  and  stronger),  should  give  it  a 
slow  firm  hold.  The  gas  should  then  escape  rapidly  throng 
the  smptyiiig  valve. 

Tfie  ancftor.— Multiple  armed  friction  and  gripping  anchora 
of  relatively  small  weight,  made  in  a  solid  manner  ont  of  Om 
best  material,  should  be  employed. 

Fiyrma  of  anchors. 

(1)  Anchor  with  two    prongs,   with   an   anchor  rod.     Not 
__  vOTy  useful,  since  it  can  only 

grip  with  one  prong. 

(2)  Smith's    patent   anchor 
without  a  rod  la  more  naefnl 
than  the  previous  form,  as  it 
grips  with  two  prongs. 
;,       (3)  Four-     1«      BU-pronged 
[  anchors  gripping  with  two  or 
^  '   three    pronff    were    formerly 

_,     „     ,    -         „  much  used,  but  have  been  re 

Wa.  ffl-^Ob^-^  B^"'-  'J'U^.  pUced  by  betlCT  forma. 

(4)  Siz-pronged      broad 
anchora  (Hervi'e    Systero,    188*),   Model   A,   grip   with   two 


i: 


^^ 


TBCHITIQIIB  OS'  BAhWOSma  135 

(5)  Eight-pronged    broad   anubon  (Herri's  Bjtttm,   1S81), 
Uodel  B,  grip  wim  three  proDgs  in  the  ground  (fig.  28). 

(6)  Harrow  anchoiH  (de  la 
Have'))  System),  oonstract^d  like 
&  barrow,  grip  with  sevenl 
prongs. 

(7)  Chain  anchors  (fig.  29)  of 
Bniard's  l^pe  combine  the  ud- 
vantacBs  of  Herve's  and  de  la 
Haye^  ayatema,  and  adapt  them- 
mItcs  BzoelleDtly  to  the  farm  of 
the  gronnd.  Twant;  pairs  of 
•nchorg  are  bound  together  by 
links,  givlQg  forty  prongs, 
twenty  of  which  can  grip  the 
ground  at  once.  Since  the  rods 
of  the  pairs  of  anchors  are  shorter 
near  the  end,  the  whole  may  be 
folded  twether  so  as  to  oocnpy 
very  little  apace  in  the  car. 
This  is  the  best  foim  of  iinchor 
in  use,  althoDgh  somewhat  difB- 
onlt  to  oonstnict. 

(S)  Sack-anchor  (Joberfs  Sys- 
tsm).  A  sack  with  sharp 
anchor  proDga.  Ought  to  di- 
minish the  Telocity ofthe  balloon 
b;  the  friction  oatued  io  cutting 
op  tiie  soil,  but  is  not  a  suocsbb 
in  mctice. 

The  oneAOT  fiuka  or  prmgt 
may  be  of  Tarioua  shapes.  The 
nature  of  the  ground  causes  each 
fcom  to  have  its  advantages  j 
and  drawbtkcbk  ijineiii. 

Table  or  Weiohts  of  Anchobs  (aooording  to  CaM/h). 
Ahalloon  of  800  cb,  m.  contenta  requites  an  anchor  8-10  kg.  in 
weight 
eOO  „  „  „         lB-18       „ 

800  „  „  „         18-20       „ 

>.       1200 
„       SOOO 


Ml 


9.-— Chain  andior.    Benard'a 


Anchor  nmferials.— Wrought  iron  or  cast 
ATuAirr  line. — The  breaking  tension  must 
■iie  of  balloon  with  which  it  is  used. 


40-46 


be  suitable  for  the 
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If  B  U  the  bead  resistance  when  the  velocity  of  the  vind 
b  V,  R=  fDV  in  kilograms, 
where    D  =  diameter  of  the  baUoon 

^=a  coefficient,  the  valne  of  which  for  spherical 
baIlDonB  =  0'0S6  according  to  Benard ;  or  for  types  of  balloana 
similar  to  the  air-ship  '"Ia  France"  C='>"01686  (Kenard),  or 
f=0-015  (Canovfltti),     (Cf.  §  8  and  S  16.) 

Trail  ropa  should  be  as  rough  as  possible ;  they  are  often 
employed  as  anchor  ropes,  the  anchor  being  allowed  to  slide 
down  tliem  b;  means  of  a  lubber. 

.fiuMeri.— alidingoonatmctionsfiwtened  to  the  rope  offering 
a  frictional  resistance  caused  b;  closely  pressed  india-rubber 
pieces.  At  the  lower  end  of  the  sliding  piece  there  is  ftn  eye 
for  the  attachment  of  the  anchor. 

ConMrtuHon  of  ruito-.— ^ivel,  Penand  and  others  (d/*, 
Uoedebeck,  SantOau^  iUr  Luftaehiffahrt,  p.  G9 ;  Z.  f.  £,, 
18B3,  p.  211). 

Tearing  Waka. — Depend  on  the  tearing  of  a  number  of 
bands,  becoming  stronger  and  stronger,  before  the  snohoT  line 
can  be  put  in  tension.  These  strings  are  fixed  in  a  loop  of  tha 
anchor  line  in  such  a  manner  that  they  are  pulled  one  after 
another.  This  is  best  accomplished  hj  fastenttig  two  bronze 
discs  in  loops  in  the  anchor  line  at  a  distance  of  about  a  metre 
apart.  The  discs  are  bored  with  a  number  of  holes  of  different 
diameters,  corresponding  to  those  of  the  tearing  strings,  which 
are  passed  through  them  and  held  by  suitable  knots. 

i  20.  THE  WATBE-AMOHOa. 

In  order  to  hold  tfie  balloon  steady  on  water  a  driving 

anchor  is  used' (A.  de  VAL,  vol.  iv.,  Hervj,  "Les  ancres  de 

1.  Bivel's  sock-anchor  is  an  extremely  useful  form  (187S). 

It  consists  of  a  conical-shaped  sack  with  a  metal  hoop  at  the 

opening,  which  serves  to  fasten  the  sock  to  the  anchor  line  by  a 

Eose's  neck  connection.  To  weigh  the  anchor  a  second 
le  is  employed,  fastened  to  the  point  of  the  cone  or  to  the 
metal  rim.  The  latter  is  better,  because  it  allows  the  tension 
to  be  distributed  between  two  ropes  and  causes  the  resistance 
to  be  introduced  more  grodnaUy.  To  prevent  the  ropes 
twisting,  and  the  anchor  turning  in  the  water,  a  turning 
plato  (A)  on  ball  bearings  (B)  is  used  (Herri,  &nerilUm 
d'aidUoTsion). 

In  order  to  be  able  to  use  the  second  line  as  a  manteuvrinK 
line,  Herv^  passed  it  over  a  pulley  (D)  after  passing  Qirougfi 
the  turning  bit  (A)  (lig.  SO). 

Hervi  recommends  the  use  of  a  series  of  sack-anchors  attaehed 
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to  one  another  and  of  inoreasing  size  towuds  tha  balloon  in 
ordeT  to  prevent  a  too  sndden  shock.  To  prevent  twisting, 
small  rods  must  be  fastened  between  each  sfBtem  of  goosed 

The  foDowing  are  other  forma  of  aeronantioal  driving  anohon : 
2,  HnghBelrBninbrella-shaped 
wat«r-anchor (A.  del'Ai., 
IV.,  1900,  p.  116). 
8.  Pagan's  ambrel la-chain  (ii. 

de  rAi.,iv.  p.  18»). 
4.  Brissonet'a  disc-chain  (iJ.  de 

I'Ai.,  IV.  p.  141). 
6.  Tifemate's     ladder  -  shaped 

anchor  {Saggio  aeronau-  ^ 

tica,  1819,  p.  80,  and  B. 
de  VAi.,  IV.  p.  136). 
According  to  Herve,  in  a  ajatem 
of  driving  anchors  the  rearmost 
should  be  furnished  with  a  ballast  Fio  so. 

weight,  BO  that  it  does  not  float 

upwards.  At  the  same  time  it  should  be  fastened  to  a  buoj 
to  limit  the  depth  to  which  it  can  sink. 

The  balloon  must  be  kept  bj  means  of  a  trail-rope  at  an 
approiimately  constant  height  above  the  surface  of  the  water,  bo 
that  the  angle  of  drag  with  the  driving  anchor  remains  as  con- 
Btant  as  possible  (o/.  %  22,  2). 

DiAKETBGS  or  Sack-anobobs  (Hsrvi). 


Let  Fb  —greatest  cross  section  of  the  balloon. 
Fa  =cros8  section  of  the  anchor  opening. 
ii=velooitr  of  wind. 
iti  =  veIocity  of  drift. 
i  and  fi=coefficients  depending  on  the  resistance  offered  b; 
the  particular  shapes  bo  air  and  water  tespectivel;. 

The  pressure  on  the  balloon  is  t 

while  that  on  the  anchor  sack  eierted  bj'  the  water  is : 

Ra  =  Fa  li''^- 
SmceBAmust  be  — Bb,  we  get  from  these  the  equation 
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whsnoa  th«  diAm«taT  d  of  tlie  wok  anchor  is  givan  bj 


■V^- 


The  eoefflci«ut  of  nsistBiice  of  em  wntor,  deiiT»d  from  its 
_ 1026  _ 

~1'283 


densit?  as  compared  to  that  of  the  air=i^  =  703-6. 


of  the  air  sgaimt  a  iniface  of  I  sq.  m. ,  moving  with  a 
Telod^  of  1  m.  per  see  =  0-080  kg.  The  resistance  of  tbe  water 
sgainat  a  tor&cc  of  the  same  size,  moved  with  the  saone  Telooit? 
=  768-5  X  0-080=63-18  kg. 

9  21.  tbah.  bopbb  amv  floats. 

I.  TmU  ropM.— These  are  used  to  enable  a  balloon  to  be 
kept  for  the  longest  possible  length  of  time  in  stable  eqnilibriam 
at  a  short  distance  above  the  ground  or  above  water  ;  for  if  the 
balloon  lends  to  rise  a  little,  part  of  the  rope  lying  on  the  gronnd 
is  lifted  and  the  balloon  is  tji^refore  weighted  and  ainks  again  ; 
whereas,  if  it  tends  to  fall,  the  balloon  Is  lightened  owing  to 
more  rope  being  on  the  groand. 

^tec^erUions/i/r  trail  ropa. — (a)  On  land:  sufficient  weight 
in  &e  lower  parts  to  keep  the  balloon  steady.  The  conmiittee 
of  the  Paris  voyaees  of  IBOO  required  as  the  minimum  weight 
A  that  of  the  lift  of  the  balloon.  The  surface  must  be 
smooth  and  the  cross  section  small  in  order  to  reduce  friction, 
which  adversely  affects  the  speed  of  travelling. 

The  ends  should  be  fairly  elastic  to  prevent  wrapping  roDnd 
tren,  tel^raph  poles,  etc.  («/.  /.  J.  if.,  IMl,  p.  34,  Berson, 
Spring,  Alexander], 

In  order  to  strengthen  the  rope  it  is  wrapped  with  metal 
wirea,  or  a  wire  rope  is  employed  for  the  trailing  portion. 

The  length  most  be  sufficient  for  the  size  of  boUoon. 

(t)  On  water:  in  addition  to  the  above,  it  must  float  on 
water,  and  must  not  spoil  by  absorbing  water. 

Herv£,  who  first  treated  the  subject  from  a  scientific  stond- 

SDint  {ef.  SuppUmml  delaR.de  VAi. ,  ' '  StabUisateurs  statiqaea 
'indinaison,  Paris,  19DD)  introdnced  the  idea  of  the  intensitr 
(J)  of  the  trailing  rope  to  serve  as  a  comparison  for  different 


The  speoificationa  reoommeuded,  and  in  part  tested  by  him,  are 
the  following : — 

1.  Trail  ropee  for  lae  (m  iami— Cylindrical  cable  of  metal 
and  hemp  interwoven.    J=8  to  G. 
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2.  Marine  trail  ropes, — Cylindrical  cable  of  metal  wMpped 
with  tarred  tape,  tallowed,  and  prot«at«d  by  a  rubber  ooTerint 
Cork  abavingB  or  bits  of  cork  are  put  in  the  core  of  the  cable 
in  order  that  it  may  Boat.  J  =  9  to  12.  In  dangerous  Toyagea 
BBTeral  cables  should  be  carried. 

3.  Trailing  ropes  for  land  and  water  [slahilisaltart  giniraux). 
A  mean  between  the  last  two.     J  =  4  to  6. 

n.  rioati,— Cigar-  or  fiah-shaped  pieces  of  wood,  which  float 
easily,  and  offer  little  resistance  to  being  drawn  through  the 
water,  bat,  being  weighted  with  lead,  are  difficult  to  lift  out  of 
the  water.  They  serve  to  bind  the  balloon,  as  it  were,  to  the 
surface  of  the  water.     J  =  50  to  160. 


of  the  balloon  can  occur  with  their  nse — limited,  in  &ct,  by  the 
atretching  of  the  trail-rope. 

The  Soata  must  conform  to  the  wave  movements  of  the  water, 
otherwise  a  conttnna]  lightemsg  and  loading  of  the  balloon 
will  occur,  causing  the  car  to  shake  ^ly.  This  is 
accomplished  by  having  series  of  floats.  A  simple  form  con- 
sisting of  a  long  chain,  the  links  of  which  were  of  wood  having 
about  fifteen  movable  limbs  and  weighing  300  kg.  for  a  length 
of  5  metres,  and  for  which  J:^120,  was  tested  by  Herve  with 
good  results  in  his  Mediterranean  voyage  of  12th  October  1901 
(/.  A.  M.,  p.  1,  1B02). 


%  32.  STIHiRIN'O  ABKANOEHZmS. 

1.  Sails. —Steering  a  balloon  b;  utilising  the  wind  neosBsarily 
cansea  a  lessening  of  its  velocity,  jost  as  the  friction  of  trail 
ropes  or  Boats  traces  it.  A  balloon  can,  however,  be  steered 
by  a  suitable  arrangement  of  sails  (e/.  Z.f.  L.,  1895,  p.  113, 

Andr^  placed  his  sails  between  tbe  balloon  and  the  car ; 
Boe  used  a  sail  attached  to  the  hoop.  A  slanting  position  may 
be  obtained  by  hookioK  the  trail  rope  to  different  points  on  the 
hoop.  A  trail-rope  of  heavy  hemp  (J  =  0'64)  is  used,  in  the 
middle  a  strong,  and  at  the  end  a  weak,  cocoanut  thread  rope  is 
used  as  sliding  rope,  J^Q-IS  and  0*22.  A  deflection  to  one 
side  np  io  18'  may  be  obtained. 

2.  Driving  ftnohora  (v,  fig.  31).— Thesecombinethe  functions 
of  retarding  and  navigating  the  ballcxin,  as  soon  as  they  are 
diawn  through  the  water.  The  direction  of  pull  must  be  at  an 
angle  a  of  approximately  from  20°  to  2fi°.  The  height  of  the 
balloon  above  the  sitr&ce  of  the  water  m.nst  be  regulated  and 
kept  constant  by  meaua  of  a  trail-rope  E.     The  driving-anchor 
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tope  I  must  be  fogtaned  to  ihe  same  point  in  the  ImIIood  ri^g^g 
u  the  trail-rope  E.  The  depth  oF  immeraion  of  the  drinng- 
sndiot  most  be  regulated  by  me«Da  of  suitable  Boats. 


no.  Ss.— Herri'B  pUte-Conned 


Herv J  devieed  and  tested  the  followiog  coDstructions  : — 

(a)  The  cellular  driving-anehor  (fig.  32),   [dinuUgur  lamel- 

laire  d  minima)  is  boz-shaped  and  atroug.     It  can  be  arranged, 

if  not  wanted  for  retarding  purposes,  «o  that  the  driving  angle 

=0*1  i.e.  the  water  flows  through  it  withoat  dynamical  action 
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1902,  1,. 

(b)  The  plate-formed  driving  anchor  (fig.  SB)  l/Uvialeur  la- 
mellaire  i  maxima),  formed  of  plates  offering  a  great  T«8iBtuic«  ; 
can  be  folded  up  and  convenieatl^  stored  in  me  oar.  Allows 
a  large  driving  angle.  A  trial  tnp  gave  6G°  to  70'  (7.  A.  if., 
18B9,p.60).  (1^.  £.  f^r^^,,  Supplement,  1900.  Kervi,  "D6- 
viatears  lamellureB."} 


9  23.  BAIXOON  ASJDNOia 

These  include  ballast  bogs,  packing  arrangements,  floor 
amngemeDts,  gu  hose,   gaa  sockets,   ventilators,   and  safe^ 

1.  BallMt  baga  are  made  of  strong  sail-cloth  oi  ticking,  ofa 
eylindrioal  shape,  *0  cm.  deep  and  26  cm.  in  diameter.  At 
tile  upper  end  there  are  four  hemmed  holes  for  the  rapes,  which 
are  drawn  through  them  and  spliced.  The  ropes  are  about  40 
cm.  long,  and  are  joined  ti^ether  at  the  top  by  means  of  loops 
or  knots,  fiimished  with  a  bronze  hook  at  the  junction. 

2.  Fackjng  an^ngemeata.  —  Rectangular  pieces  of  strong 
sail-cloth.  The  sizes  most  be  cslculatea  so  thst  the  envelope 
of  the  balloon  can  be  packed  into  them.  The  pieces  must  be 
furnished  with  eijc  straps,  ao  that  the  packet  may  be  conveniently 

5.  QEonud  ooven. — Simple  reotangular  pieces  of  durable 
material,  which  can  be  laid  on  the  ground  to  pievent  the 
env^one  of  the  balloon  becoming  soiled. 

i,  (na  hose.  — A  hose  either  varnished  or  made  gaa-tJKht  by 
some  other  meane.  The  diam«t«r  most  be  such  £at  the  goa 
delivery  pipes  can  be  inserted. 

G.  G«B  lOoketB.— Cylinders  of  due  strip,  about  20  to  25  cm. 
long,  with  padded  edges.  Tbev  serve  to  connect  the  filling- 
hoses  with  one  another  and  with  the  balloon.  The  diameters 
must  be  such  that  the  filling-hose  pipes  will  6t  int«  them. 
If  tiie  balloon  is  to  be  filled  aimultaneoiisly  from  several 
delivery  pipes,  a  junction  piece  will  be  necessair  in  order  to 
connect  all  the  pipes  to  the  hose  leading  to  the  balloon. 

6.  Fans,  to  clear  out  the  envelope  of  a  balloon  after  the 
joariiey,  are  made  of  wood  and  metal  in  speoiol  faotoriss. 
Wooden  fans  ore  lighter  to  handle.  In  using,  the  fan  is  placed 
some  little  distance  in  front  of  the  mouth,  so  that  it  sends  a 
current  of  air  into  the  balloon,  thas  driviLg  out  the  endosed  gas. 

7.  Safety  lamp*  are  absolutely  neoessarv  for  night  work. 
The  Mans  forms  are  used  as  in  mines.     The  gauze  must  be 
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p«rfeot,  sod  the  lampg  mmt  be  olosed  immedistelj  after  lighting 

«nd  the  bey  removed. 

S  24.  THE  CAPTIVE  BALLOON. 
Serree    for   reconDoitring,    obserriDg,    eignslline,    and    for 
ohtaining  continuous  seientific  recordg  of  meteoruogical  data 
in  the  atmosphere. 

1.  OeuenlapedflM- 
tlona.— Mast  be  made 
of  strong  materials  {^. 
Bi  3,  4,  and  5).  einoe  it 
has  often  to  withetand 
strong  gusts  of  wind 
(e/.  §  IS,  2,  anchor 
lioe).  Mnst  have  tail 
closed  by  a  wfety  rolve. 
The  tension  of  the  hold- 
ing rope  should  he 
eqtwll;  distributed  over 
the  balloon.  The 
car  or  instruments 
muBt  always  be  hung 
vertically  from  the  bal- 
loon after  the  ayatom 
ofCardanL  The  hold- 
ing cable  should  be  of 
hemp,  metal,  or  a  com- 
bination of  the  two  Uf. 
H  6  and  7).  The 
cable  must  paae  over 
a  filed  or  transportable 
windlass,  whose  guid- 
ing roller  seta  itaelf  ac- 
cording to  every  change 
in  the  direction  of  the 

2.  The  tan  valv«. — 
Most  open  of  its  own 
accord  with  a  small 
excess  pressure  (</.  g  6). 

Otjeet. — To  prevent  the  escape  of  gae  nnder  the  influence  of 
the  pressure  o!  the  wind  and  the  swings  of  the  balloon,  aa 
well  oa  to  prevent  the  entranc«  of  air  into  the  balloon,  and 
to  diminish  diffusion.  In  case  the  balloon  inadvertently  breaks 
away,  it  prevents  ibi  bursting. 

^nns.— (a)  Plaie  vatoet  {cf.  §  14),  which  open  towards  the 
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ontBide.  The  valrs  rope  of  the  app«r  valve  U  led  either 
through  the  plate  itself  or  thnnuh  the  side  of  Uie  toil  direatl? 
out  of  the  balloon. 

(b)  Mtmbrant  valvi  (due  to  Graf  r.  Zeppelin). — A.  rubber 
membnae  stretched  on  the  rim  of  the  Talve  lies  against  the 
convex  gnihce  of  a  metal  shell  fixed  in  the  middle  of  the  rim. 

The  excess  preaanre  »1- . 

lowable  ie  regulated  by 
the  strength  and  tension 
of  the  membrsQe  {e/. 
I.A.lI.,l9O0.  Special 
DDinber,     1902.      Vol. 

3.  The  holding  rop« 
and  the  oar  Btu- 
pension.— The  holdine 
rope  must  be  fastened 
at  the  balloon  hoop  to 
the  middle  point  of  a 

to  tb 


dof  a 


^f^. 


It  it 


sible  to  fasten  it  to 

ends  of  a  beam  fastened   | 
over  the  balloon  hoo'. 

The  suspeosiaD  of  the   j 
car      is     aocompliehed   — 
either   b;  f&stenina  it 
to  a  point  in  an   eUip- 
tical  ring  (Yon),  or  to 

arod,  had  perpeodicu-      j„_  s6.-HerT4-..jrtemoliiup««ion. 
larl;   to  the   direction 

of  tension  of  the  cable.      The  car  is  prevented  from  tilting 
bj  diagonal  ropes. 

Fortnt. — Eenard's  Bystem  (r/,  Ledien,  Le  navveaa  maUrUl 
naval.     Paris,  1890)  (Eg.  34). 

Hervi's  aystfim  (fig.  36). 

HervS-Meyer'a  system  l^cf.  AlronaiUics,  May  1884). 

You's  sjatem  (fig.  36.  Cf.  O.  Yon  et  E.  Snrcouf,  Airoriatt  et 
airoitaiion  mitUaire  i  I'txpaiitian  wnivenelle  de  1889,  Paris, 
1893;  Banet  Kivet,  i^'.^A-imau^ifue,  Paris,  189S,  p.  257). 

Besanfon's  srstem  (c/  L'Ai.,  October  1896,  p.  236). 

4.  The  Oftble. —Determined  by  the  lift  of  the  balloon  (^. 
Table  XVI.),  the  pressure  of  the  vind  against  the  balloon  {cf. 
I.  A.  M.,  1899,  p.  76  ;  Wagner,  Mnfinaa  du  Windu  avf  daa 
Tau  einea  Fetulbailona),  and  against  the  cable  {^.  §  19,  2), 
and  by  its  own  weight  {cf.  %i  6  and  7). 
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Tha  preaaare  of  the  wind  against  ths  snvelope  of  tha  ImUooii 
is  moat  conveniaiitlj  taken  aa  the  bads  from  which  the  strength 
of  tba  cable  ia  calculated  (^.  3  19,  2).  Let  K  be  the  pressure 
of  the  wind,  D  the  diameter  of  the  balloon,  o  the  velocity  of 
the  wind,  ^a  coefficient  depending  on  the  form  of  the  earalom 
(  =  0'02G  toi  a  spherical  enTelope,  acoordinR  to  Renaid),  K 
the  DTsabing  modu- 
lus of  the  material  of 
the  cable,  s  the  croas 
section,  and  d  the 
diameter  of  the  cable. 


R=fDV 


'^i 


BO.— Yoo'b  sratem  of  i 


Th«  cable  itself  forms 
the  Ulephont  wire 
when  a  wire  cable  is 
osed  ;  with  a  hempen 
ropa  the  tetephona  wiie 
most  be  wrapped 
aronnd  the  cable,  to 
"  allow  for  eipaoaion  or 

changes  in  the  hu- 
midity of  the  air. 
6.  The  cable  olaap.— Specifications  (according  to  Kndeloff). 
The  ends  of  all  parts  of  the  cable  must  be  fastened  with  equal 
security,  and  the  aide  presaure  necessary  to  produce  the  requisite 
frictioual  regiatance  must  be  distributed  oiei  a  aufficientlj  long 
length  of  the  cable.  The  bending  of  the  cable  must  b«  as 
small  as  possible,  and  the  telephone  conneotiona  must  not  ba 
broken  in  the  olaap. 

ForiM  of  cable  clatps. 

(a)  The  rope  is  twisted  round   the    axis  of  the   windlass. 

Fasten  by  knots,  Bplicinga,  thimbles  with  rings, 
Felton  and  Guilleaume'a  friction  rope  fastener,  BwAer's 
faatener,  or  Scheele's  rope  clasp. 

(b)  The  rope  is  fixed  in  the  axis. 

Goosle 
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CoDical    box   with  inlaid    ring,  with   >    met&l   mould, 
Eortiira'B  rope  oltup,  Bsamaan's  rape-grip. 
According  to  MarCeDs,  Eortiim'a  rope  clasp  (Gg.  37)  hu  tba 


greatest  atrength,  then  Becker's  clasp  (lig.  3S),  and  Baumauu's 
rope    grip   (fig.   39)  {cf.    Stiter-Zeitung,   1893-1,   '  Beaeaichea 
\iy   Rudeloff' ;    A.   MartesH,    MiUeiiilHgen   a.    d.   Kgl.    ttchn, 
yermchtaiataU,    Erginzungsheft    V., 
1888). 

The  twisting  of  the  cable  most  be 
allowed  for  bv  hying  the  bolder  in  a 
ring  with  ball  bearings.  A  Cardani 
holder  ia  to  be  recommended  on  Re- 
count of  the  freqaeut  turches  and 
shak[[ias  of  the  balloon. 

6.  The    maiinmin    elevation    of  «tai 

captive   balloons.  —  The    moximnm 
elevation  depends  on  the  lift  A  of  the 

balloon,    on   the   total   weight   of  the  p,     „  _b„,„,„„-,  _,„ 
load  O  carried  by  it,  eiohidmg   the  '    ™™""'»"Pe- 

cable,  and  on  the  weight  of  the  un- 
rolled cable.      If  the  weight  of  the  cable  is  a  kg.  per  metre, 
a  captive  balloon  ascending  vertically  would  attain  a  height  of — 

(2fl)  A=S0OQ.-*-~"     metrea. 

at  a  temperature  of  0°  C, 

Example.~1ht  lift  A  =  500  kg,  weight  of  balloon  and  ob- 
server G=400  kg,  100  ra.  cable  weigh  12  kg, 

K^%m—^^^^^ 6«metr«. 

600-(-8000xO-]2 
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Fl«.  to.— frlncipla  ol  Ute-balloon. 


Conatmotiota  (</,  fip,  40).— The  part  Q,  forjraa,  iscompletelj 
closed,  and  beneath  it  is  a  ballonet  which  mis  automaticall]' 
with  tir,  the  opening  0  facing  tha  wind.     The  eieess  air  Bowa 
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futo  Ch«  radder  bsf;  S,  which  also  fills  with  sir  throngh  the 
opening  P,  the  exit  for  the  air  being  at  A.  The  opening 
»t  A  is  emaller  than  that  at  P.  The  envelope  la  without  net, 
which  ia  replaced  by  a  belt  round  the  equator  which  cotrieB 
the  rope  and  ear.  When  the  cable  ia  run  out  the  balloon 
riaes,  the  gas  in  Q  ezpanda  and  preeaea  against  the  upper  wall 
of  the  ballimet  B.  A  valve  line  L  paases  fttim  this  wail  to  the 
valve  V,  which  works,  therefore,  automatically,  and  prevents 
any  danger  of  bursting. 

To  obtain  equipoise,  three  separate  Bjatems  ore  used— a  rudder, 
a  soil  at  the  rear  of  the  equator,  and  wind  sails  (W. )  behind  the 
wind-shadow  of  the  balloon. 

A  600  cb.  m,  kite-balloon  at  a  height  of  1000  m.  remains 
steady  in  a  wind  of  20  m.  per  second. 

Used  by  the  Balloon  Divisions  in  Germany,  Austria,  Franca, 
Russia.  Italy,  Spain,  Switzerland,  United  States,  Sweden, 
and  Roumania,  also  as  a  scientific  registering  balloon  at 
Eeinictendorf'West,  near  Berlin,  and  Trappea,  near  Paris.  (Qf. 
v.Parseval,  "DarDraoheuba]lon,"Z./(lr  L.,  ]894;  also/.^.  Jf., 
1887,  p.  42  ;  1898,  p.  7B  ;  1899,  p.  61  ;  1901,  p.  flOJ. 

Attachment  and  suspension  of  car.     C/.  fig.  41. 

S  26.  THE  JBEE  BALLOON  WITH  BALLONET. 
Meuanier'a  system  enables  the  form  of  the  balloon  to  be 
maintained  for  lengthy  periods,  by  pumping  in  air  to  replace 
the  escaped  gas,  making  it  much  easier  to  maintain  the  balloon 
at  the  deaired  height  {r^.  L'Ai.,  1S8I ;  Hoedebeck,  Sandbuek 
der  LuflxkiffakH,  p.  162;  "De  Rossi  Palloni  Foetoli," 
Lauciano,  1S94  ;  Bevue  du  Oinu,  1902  :  "  Vojer  les  dteou- 
vertes  a^rooautiques  du  G^ndrsI  Meusnier,"  I.  A.  M.,  190G). 

1 27.  THE  FASAOHUTE  BALIAON. 

A  eombinataou  of  a  balloon  and  parachute,  of  such  a  form 
that  the  balloon  can  be  t«m  open.  Prindpally  employed  for 
public  ezhibitions. 

Ooiutmotlaa. — 1.  Using  the  upper  hemisphere  of  the  envelope 
of  the  balloon  as  a  parachute,  a  strong  oane  or  metal  ring  is 
laid  round  the  edse  of  the  hemisphere,  to  which  all  the  net 
meshes  and  goosed  feet  of  the  supporting  net  are  fastened. 
The  lower  hemisuhere  is  either  torn  away  or  forced  up  agoiiist 
the  upper  hemispherical  shell  on  opening  the  valve  (/.  A.  M., 
1901,  p.  167  ;  Fr).  E.  Paulus,  D.  K  P.,  118,834). 

2.  Instead  of  being  surrounded  by  a  net  the  balloon  ia 
covered  by  a  parochnte  in  the  form  of  a  net  covering.  The 
envelope  of  uie  balloon  must  be  airauged  to  fiJl  away  when 
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§  2S.  EEOISTEBINQ  OB  SOUNDIHO  BALLOONS. 

Serve  for  ecieutiGo  purposes,  carrying  recording  ii 
(principally  barograpoa,  tbermographs  and  hygroKTAplu)  to 
heights  uiuttainable  b;  man,  being  first  suggested  for  this 
pOTpose  by  Charles  Renard  (</".  Semu  dt  L'Ai.,  18S3,  p.  1). 

HaterlAU. — Tha  beat  Japan  paper  is  used  for  the  envelope, 
weighing  when  vamiahed  60  gm.  per  sq.  m..  and  having  a 
tearing  stress  of  60  kg.  per  metre  breadth.  Teisserenc  de  Bort 
uses  other  kinds  of  strong  paper.  Any  strong  light  material 
may,  however,  he  employea,  and  Assmann  luis  recently 
introduced  india-rubber  biJloona  with  parachute  network. 
These  gradually  increase  in  size  as  they  ascend,  until  they 
burst ;  they  have  attained  heights  of  20  km.  and  over.  The 
instruments  fall  under  the  parachute  or  under  a  small  balloon 
[fif.  Brgetmiiae  der  ArbeiUn  am  AironauiiKlitn  Observaloriwit 
in  den  Jahren  1900  and  IBOl,  by  R.  Assmann  and  A.  Berson, 
Berlin,  1B02). 

Bvbber  btlloana. — The  Continental  Caoutchouc-  und  Gutta- 
percha Company  of  Hanover  have  mannlaotured  rubber 
balloons  of  the  fallowing  dimensions  for  the  Kgl.  Freusaiscbe 
Aeronautische  Observatorium : — 

Diameter  in  mm.,  .  1000  1200  1*00  1800  1800  20OO 
Contents  in  cb.  m.,  .  0'62  0'»1  1'41  2-16  3'OS  4-20 
Surface  in  sq.m..  .8-14  4'62  6-16  8-06  10-18  12-66 
Weight  in  gm.,  .  .  420  676  922  1204  1628  18SS 
Buoyancy  of  hydrogen- 
gas  in  gm.,  .  .  576  1000  168G  23S6  3370  4SS0 
Buoyancy  of  balloon  in 
gm.,  .165      S22      668    1161    1S42    2732 

Characteritlii:  properties  of  rubber  balloota. — They  can  rise 
until  expanded  to  about  2}  times  their  original  diameter, 
equal  to  IG'S  times  their  original  volume,  and  csn  reach  a 
height  corresponding  to  a  pressure  of— —  =  4Rmm.,  i.e.  more 

than  20  kilometres.  Under  especially  favourable  conditions 
still  greater  heights  have  been  reached  in  practice,  usihg  tandem 
recoT^ng  balloons;  e.g.,  a  tandem  reconiing  balloon  sent  up 
from  Strassburg,  in  August  1905,  registered  a  pressure  of  IB 
mm.,  or  s  height  of  26,800  m.  When  filled  to  their  nataral 
capacity  the  buoyancy,  and  therefore  velocity,  increases  steadily 
during  the  ascent,  causing  the  recording  instruments  to  be  well 
ventilated.  They  burst  at  their  maximum  altitude,  and,  pro- 
vided that  they  are  not  too  badly  damaged,  may  be  repaired  for 
farther  ascents.    They  require  little  gas,  are  easy  to  handle,  and 
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Hergesell  hu  dT&wn  ap  the  following  laws  and  table  for 

rubber  balloons : — 

Ight  ballMD  at  diflerent  heights  varies 
)t  of  the  conetponding  preunreB. 


inversely  as  the  cube  re 

(27) 


D,    V  y  ■ 


E  Vbe  of  Rubbeb  Balloons. 


jl :  9o =^^^1^^  unount  of  TSDtilation. 


DensitT 

Height, 

D 

V 

«-. 

of  air. 

metres. 

w 

«(■ 

9o 

1-25 

20 

1-00 

1-00 

1-00 

119 

600 

1-02 

1-01 

0-96 

1-18 

1,000 

1-04 

1-02 

0-02 

1-07 

l.BOO 

1-05 

1-03 

0-88 

1-01 

2,000 

1-07 

1-04 

0'84 

0-96 

2,500 

1  09 

1'04 

0-80 

0-91 

8,000 

111 

1-05 

0-77 

0-87 

3,600 

1-18 

106 

0-74 

0-82 

4;  000 

1-15 

1-07 

0-70 

0-78 

4,GD0 

1-17 

1-08 

0-87 

0-74 

6,000 

1'19 

1-09 

0-65 

0-70 

6,600 

1-21 

1-10 

0-62 

0-66 

6,000 

1-24 

1-11 

0-68 

0  68 

6:500 

1-28 

1-12 

0-£6 

0-59 

7,000 

1-29 

1-18 

0-54 

0-56 

7,500 

1-31 

1-14 

0-51 

0-68 

8,000 

1-33 

1-16 

0-49 

0-50 

8,500 

1-S6 

1-18 

0-46 

0-47 

9,000 

1-39 

ri8 

0-44 

O'le 

9,500 

1-41 

1-19 

0-43 

0-12 

10,000 

1-44 

1-20 

0-41 

0-37 

11.000 

1-49 

122 

0-86 

0-32 

12,000 

1-57 

1-25 

0-32 

0-27 

13,000 

1-67 

1-2S 

0-28 

0-23 

14,000 

1-78 

133 

0-26 

0'19 

15,000 

1-87 

-1-36 

0'21 

018 

16,000 

1-91 

1-88 

0'20 

0-18 

17,000 

1-99 

141 

0'18 

0  14 

18,000 

2-07 

1-44 

0  16 

012 

19,000 

2*18 

1-48 

0-14 

Oil 

20,000 

2-26 

1'60 

013 

0-08 

22,000 

2-27 

1-61 

o-io 

0-os 

24,000 

2-28 

1-51 

0-08 

POOKIT   BOOK  OF  AERONAUTlOa 


(28) 


s  ioTeraely  as  the  eiifb  root  of 
'  V    P 


depends  solely  o 
the  balloon  by  m 


height  attaiasble  b;  sn  elastic  balloon 
□  the  limit  of  eiponsibilit;  of  its  material. 
¥  barotharraograph,  which  is  BUspended  from 
eana  of  a  light  parachute  net,  ireighs  from  400 
to  GSO  gm.  The  cotton  net  and  silk  parachute  weigh  3S0  to 
104  gm.  It  ia  convenient  for  many  parposea,  espeoially  for 
the  recoverj  of  the  instruments,  to  send  up  two  balloons 
tandem-wise,  the  lower  talloon  automfttically  emptying  itself 
at  a  certain  height  l_c/.  Assmann  and  Beraon,  Ergdmiae  der 
Arbeitcn  am  AironautUckai  OlicTvaiorivm  IBOO  and  1901. 
Berlin,  1B02.  "Prot^ikoII  Uber  die  20-25  Mai,  1902,  in 
Berlin  Abgehsltene  3  Versammlung  der  Internatioiialen  Eom- 
mission  fiir  wissenschaftlicher  Luftschiffshrt,  /.  A.  M., 
1903,  6  "  ;  Hsrgesel],  Daa  AufsUigen  van  gachlonentn  (Tummi' 
ballotu). 

Fapeibolloonfi.— Regard  has  given  the  followiiig  table  con- 
necting the  size  of  the  balloon  with  the  maximum  height 
attainable  for  unloaded  balloons  made  of  Japan  paper.  The 
values  ore  purely  theoretical  ones  [cf.  §  1,  6). 


MaIJMUH   HeIOHTB  of  SOITNDINO   BALMONS  OY 

DiFFBRENT  SizES  (Re»»rd). 

Height, 

Volume, 

Height, 

Volume, 

km. 

cb.  m. 

km. 

cb.m. 

2 

EE 

0-08 

80 

27-5 

221 

3 

9 

0-22 

40 

28-5 

524 

11 

0-62 

50 

31-3 

1,020 

6 

12-8 

1-0 

100 

37-0 

8,780 

10 

18-6 

8 '2 

200 

12-5 

65,400 

16 

21 -B 

27-0 

500 

49-6 

1,0-20,000 

20 

23-9 

flfi-4 

1000 

55 

8,200,000 

In  thiB  table  the  coefficient  of  safety  has  been  taken  aa  2. 
According  to  g  1  the  maximam  size  which  can  be  given  t«  a 
Japan  paper  balloon  is  440  cb,  m.,  which,  unloaded,  cannot 
attain  a  height  of  more  than  30  km.  (On  this  point  conmlt 
Renard'swou:  " Sur  I'emploi  des  ballone  perdus  pour  I'axicn- 
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lioii  dea  obBerratiaiiB  mitiorologiques  k  gmndee  hantenra. "  B.  tU 
PAi.,  18es  ;  Mimeire  pretenti  d  VAeaStmU  da  tcimca  U  6  dde. 
1892.) 

§  29.  PILOT  BAIiLOONS. 
Small  paper  or  rabber  balloons  which  serve  to  determine  the 
direction  of  the  wind  in  the  loner  etiata  of  the  atmosphere. 
The;  are  oaually  famislied  witli  cards  of  enquiry  as  to  the  place 
of  descent,  and  are  used  excluBively  for  scientific  investigatioiu 
ott  the  direction  of  the  wind. 

§  30.  HONTOOLFIEBBS  OB  FIBE  BALLOONS. 

Hontgolfi^reB  (or  hot-air  balloons)  must  be  rerj  large  in  size, 
in  order  to  lift^  say,  a  man  in  addition  to  their  own  weight, 
since  the  bttoyanc;  of  warmed  air  is  very  small. 

Tbo  larger  the  volume,  however,  and  the  greater  is  the 
difficulty  of  heatiog  the  contained  air  □□iformly  ;  beeidee  thia, 
small  portions  of  the  envelope  continually  catoh  fire  in  the 
fiUing  procase. 

Uontgol  Geres  are  uaed  at  the  present  time  onlj  for  purposes  of 
amosement,  and  may  easily  become  a  source  of  danger  from  fire 
in  onskilled  hands.  In  America  they  are  still  used  for  exhibi- 
tion purposes.  Their  lift  may  eadly  be  oalculated  from  the 
following  table : — 

The  wdght  P  of  1  cb.  m.  air  wanned  to  t°  C.  at  a  presmte 

(29) 


"  1 -^0 -003886  (      780 


Wsioht 
oflc&m. 

Buoyancy 

Weight 
oflcSm 

Bui^oDcy 

Tempera- 

08  against 

Tempera- 

ts- 

O"  in  kg. 

kg- 

0*  in  kg- 

0 

1-293 

0 

60 

1-093 

0-200 

G 

1-270 

0-023 

60 

1-060 

0-233 

10 

1-247 

0-048 

70 

1-029 

0-264 

16 

1-226 

80 

1-000 

20 

l-20i 

0-089 

90 

0-972 

0-321 

80 

1-165 

0  128 

100 

0-B4S 

0-347 

40 

1-128 

0-185 
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tflmperatnre  to  b«  attained,  moat  be  thoioughlj  tested  before 
the  balloon  is  built.  The  diminution  of  temperature  with 
height  inoreaaes  the  buoyancj  of  the  MontRoIfiere,  whilst  the 
cooTin^  of  the  hot  sir  hy  radiation  and  by  the  eiposBion  of  the 
gas  under  the  diminishing  air  pressure  dilninishea  it.  Those 
parts  of  the  balloon  vhicb  ma;  easily  come  into  contact  with 
the  Gre  maat  be  impregnated  with  suitable  solutionB. 

§31.  BOZIEBES. 

A  combination  of  the  Montgolfiere  and  the  gas  balloon,  in 
which  the  danger  of  damage  by  fire  is  enormous.  It  is  named 
after  PiHtre  de  Boziere  (bom  at  Metz  an  the  30th  March  17G7), 
the  Grat  aeronaut  to  attempt  a  balloon  voyage.  He  was  the 
Qrat  tictim  of  aeronautics,  being  killed  in  one  of  his  balloon« 
at  Boulogne  on  15th  June  1785. 

In  spite  of  its  obviouB  defects,  the  idea  lying  at  the  base  of  it 
—to  render  possible  journeys  of  long  duration  by  w  ■  - 
cooling  the  gas — is  worthy  of  respect. 
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CHAPTER  V. 

KITES  ASD  FABAOHUIES. 
By  Pbombsos  Db  W.  EOPPEN, 

Abtfteihingt-v^ttfhiT  iJfr  Saitert.  SMunrte  in  Sambitrfl. 


%  1.  DEFIMITIOH.    HISTOBT. 

Aby  body  may  te  desipiated  a  kite  (German,  "Dr»che"; 
French,  "cerf  volant"  ;  iJutch,  "  vlieger")  which  is  specifically 
heavier  than  air,  hut  which  can  neverthelesa  be  maintained 
horering  in  the  air  by  atilising  the  unequal  diatiibution  of  the 
horizontal  wind  pressure  oq  one  or  mors  inclined  planes,  while 
held  fast  by  one  or  more  lines  to  the  ground.  By  line  we  mean 
here,  without  regard  to  the  material,  the  wile,  cable,  rope,  or 
cord  b;  which  the  kite  is  connected  with  the  earth. 

Kites  were  first  used  for  scientific  piirpoaea  oae  hundred  and 
fifty  years  ago  (A.  Wilson,  1749;  Franklin,  17S2).  After  this 
it  was  not  until  1S91,  with  the  exception  of  a  few  isolated 
ezperiments,  of  which  the  most  worthy  of  note  are  those  of 
D.  Archibald,  1883,  that  the  use  of  kites  for  meteorological 
tmrposea  was  iirat  taken  up  scientiGcall;  in  the  United  States. 
The  first  recording  apparatus  with  clockwork  raised  by  kites 
was  sent  up  from  Blue  HUl  on  ith  August  1894.  Professor 
Harrin  made  his  important  studies  on  kites  in  Woshin^n  in 
ISSG,  and  arranged  the  seventeen  kite  stations  of  the  United 
States  Weather  Bureau  during  the  summer  of  I89S. 

The  raising  of  men  by  means  of  kites  was  also  achieved  by 
Major  Baden-Powell  in  England,  by  Lieutenant  Wise  in  America, 
and  by  the  military  balloon  corps  in  Eussia  in  the  same  year,  so 
t.hnt.  in  the  autumn  of  I89S,  at  the  Russian  Naturalist  Heetins, 
B  pereons  were  lifted  to  low  heights.  Since  the  whole 
t  IS  as  yet  in  its  infancy,  it  ia  natural  that  it"  moti-™!" 
Bipedienta  are     '"   '  '   '      '  "      ' 


subiec 


POCKBT   BOOK   OF  AEKOHAUTIOe 


The  QDexpected  devaloyment  of  meteorological  kite-technics 
in  the  last  few  jeua  may  be  attribated  pnncipallj  to  thiM 
c»Qs«a— the  discovery  of  stable  kites  of  great  lifting  power, 
the  coDstmctioD  of  eztremel;  light  meteorological  recording 
apparatuB,  and  the  use  of  steel  wire  as  the  line.  By  these 
means  it  has  been  possible  to  obtain  good  records  by  meaoB  of 
kites  at  altitudes  of  from  i  to  GOOO  metres. 

Anangements  for  carrying  out  meteorological  kite  sseeot* 
OS  a  large  scale  are  inprogress  at  the  Obserratories  at  Bine 
Hill,  near  Boston;  at  T7aj>pes,  near  Paris;  and  at  Lindenberg 
near  Beeekow  ;  and  on  a  lesser  scale  at  Hambnrg,  Pavlofsk, 
Wilna,  Kutscbina,  and  some  other  stations.  They  are  not  at 
present  in  use  at  the  stations  nnder  the  Washington  Weather 


§  2.  OBJECT  OF  KITES. 

The  objects  of  a  kite,  which  is  not  to  serve  merely  for  purposes 
of  amusement,  may  be  threefold  : 

(A.)  To  exert  a  pull  in  a  horizont&I  direction  by  means  of 
which  a  raft  or  boat,  say,  may  be  moved,  or 

[B.)  Toraiseoneaelf  or  some  object  tea  certain  height;  or 

(c.)  To  study  the  pecalioritiea  of  oertain  flying  bodies  by  ita 
behaviour. 

{A.)  Even  in  the  first  connection  there  is  much  to  be  attained. 
Since  wrecks  are  constantly  occurring  in  winds  blowing  towards 
the  land,  kites  can  often  be  employed  to  make  connection  with 
the  land,  and  thus  lives  may  be  saved. 

For  this  purpose  a  proper  control  of  tbs  kite  is  important ; 
this  may  be  effected  eiuier  by  a  suitable  rudder  attached  to  the 
kite,  or  by  two  strings  fastened  t<i  the  right  and  left  of  the  kite 
similar  to  horse-rein  a,  the  latter  being  the  safer  method.  In  this 
way  one  can  deviate  the  direction  at  least  1S°  from  that  of  the 
wind,  towards  the  side  on  which  the  land  lies.  Finally  the  kite 
is  allowed  to  fall  by  loosening  one  string.  It  woula  be  veir 
desirable  for  all  ships  to  be  provided  with  kites  for  use  in  such 
CBSes,  or  to  have  on  the  staff  at  least  one  man  having  a  knowledge 
of  kites  and  able  to  make  one  up  quickly  ;  natural^  it  need  not 
be  able  t«  soar  vsry  high. 

(B.)  Much  more  frequently  kites  an  wanted  for  lifting 
purposes,  when  the  horizout^  motion  of  the  kite  is  only  an 
unavoidable  evil.  In  this  case  either  only  the  kite  itself 
is  to  be  lifted,  as  when  we  wish  to  determine  the  height  of 
the  clouds,  or  to  OM  it  M  an  agreed  dgnal ;  m,  as  is  mon 
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frequratly  the  aaae,  the  problem  is  to  lift  a  load  by  means  of 
the  Ute^either  a  amall  load,  such  aa  a  meteorograph  weighing 
1  or  1}  ke.  to  a  great  height,  or  a  heavy  load  (a  man)  to  a 
lower  height 

For  s  kite  intended  for  these  parpoeee  the  principel  requite- 
menta  are:  (a)  lifting  power,  (i)  s^bility.  The  lifting  power 
mast  be  sufficient  to  enable  the  kite  to  soar  in  a  feeble  wind,  and 
such  that,  when  it  has  wind  enough,  it  soars  steeply, — th»t 
is,  making  the  vreateet  possible  angle  with  the  horizon.  Its 
strength  should  be  proportional  to  its  size. 

The  BtabiJity  is  shown  by  the  kite  flying  quietly  with  no  ' 
bending  or  "  shooting,"  i.i.  fljing  rapidly  downwards  with  the 
head  forwards  and  a  strong  pull  to  the  side  ;  nor  "diving,"  i.e, 
flying  forwards  and  downwards  with  head  downwards  and  fret 


Pia.  4S,— Cnnatoie  ol  kite- 


string.  Unfortunately  the  conditions  for  (a)  and  (b)  are  in  part 
opposed  to  one  another,  since  very  lightly  built  kit«s  show  (a) 
well,  but  not  (i),  on  account  of  the  inclination  due  to  unequal 
warping  under  strong  wind  pressure,  and  since,  to  procure  great 
stability  rudder-surfaces  or  tails  are  necessary,  which  increase 
the  weight  of  the  kite.  Stiffness,  especially  of  the  front  edge, 
increaaes  both  (a)  and  (b),  and  is  veiy  necessary  in  a  good  kite. 
Kites  intended  to  raise  scientific  apparatus  aloit  must  have  the 
line  inclined  to  the  horizon  at  an  angle  of  eO-TO"  at  its  upper 
end,  and  must  be  able  to  soar  safely  with  a  wind  reloelty 
(measured  at  a  height  of  16  to  25  metres  above  the  ground) 
of  4),  5,  or  at  moat  6  metres  per  sec  ;  and  in  a  wind  of  10  metres 

Kr  sec.  on  the  anemometer  (which  corresponds  ordinarily  to 
to  20  metres  per  sec  above  tiOO  metres)  must  itill  be  stable 
in  flight. 

The  string,  on  account  of  its  weight  and  of  the  pressure  of 

10 
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the  wind  on  it,  posaesaes  B,  curvature  convBi  downwards  and  to 
iMwaidB,  the  angle  which  it  maken  with  tlie  hoTUon  decreasinK 
with  incraasingaifltanca  from  tha  kite.  If  only  grayity  act«dj^ 
the  string,  if  homogeneouB,  would  asaume  the  form  of  a  catenaiy, 
a  corvH  mora  curved  in  the  lower  part  than  in  the  upper.  The 
cmrature  ia  not  only  incteasod  by  the  addition  of  the  preBsore 
of  the  wind  on  the  atring,  but  the  difference  in  the  currature 
above  and  below  is  decroaaed,  perhaps  even  reyereed. 

Let  oft  or  eg  be  horizontal  linea  (see  Eg.  42),  the  curve  abd  that 
of  the  atring,  and  ae,ed  the  tangente  to  it ;  then  in  practice 
^a  =  ^a  (very  nearly),  and  af  ia  parallel  t«  cd  ;  consequently 
a  aimple  relation  is  dedueible  between  the  angle  dtg  or  9, 
the  angle  of  elevation  of  the  kite  doft  =  ^,  txA  cah=9  =  ^-  a  ; 
i  Temains  practically  constant  during  the  ascent,  while  f 
gradually  diminishes  as  the  line  ia  run  out.  II  the  line  is 
horiiontal,  then  if  fl^flO",  $  =  about  80°,  and  to  pay  out  mote 
wire  does  not  further  increase  the  height. 

It  is,  then,  this  bending  of  the  string  which  sets  a  limit  to  the 
height  of  kite  ascenta.    The  kite  in  ascending  describes  the 
same  curve,  only  reversed,  m  the  air  (the 
i  windremainingconsUnt),  Boifa&<i(fig.  43) 
is  the  shape  of  the  string,  then  aid  is  the 
path  of  the  kite,  and  Uie  leas  the  initial 
direction  of  the  string  ia  inclined  to  the 
horizon,   the  lower  wul  be  the  height  at- 
tainable by  the  kite.     The  work  of  hauling 
in  the  line  per  unit  length  increases  with 
the  altitude   of  the  kite,    on   account  of 
•  the  greater  wind  velocity  aloft ;   farther- 

Ro.  ;3.-P«th  of  kite  n3o„  jt  is  unprofitable  to  let  out  more  line 
hSat?^  as  soon  as  the  initial  angle  becomes  lesa 

than  10°  to  20°,  and  quite  purposeleas  when 
it  is  0°,  as  no  further  inoresse  of  altitude  would  result 

A  greater  altitude  may  be  attuned  bj  attaching  other  kites 
to  the  string  by  means  of  short  branch  strings  (20  to  40  metres),' 
which  have  also  to  be  raised  by  the  main  stnug. 

(C)  The  application  of  kites  to  testing  nying  models  has 
hitherto  only  been  attempted  by  Eaigrave,  who  for  tbia  purpose 
drew  a  wire  ft  metres  above  the  ground  between  two  masts  2  h 
metres  apart,  and  from  the  middle  point  aliowed  a  string  to  hang, 
on  which  he  fastened  the  model.  This  he  allowed  to  rise  like  a 
kite,  BO  that  if  the  stability  were  imperfect,  it  could  strike 
noUiing.  Large  models  or  machines  may  be  carried  by  specially 
designed  kites.  With  sione  practice  it  is  possible  to  toll  how 
much  of  the  motion  is  due  to  the  kite  above  and  how  much  to 
the  models.  The  method  ia  worthy  of  wider  application  than 
it  has  hitherto  receivod. 


§  8.  THE  STBIHa. 

HaterioL— For  long  Ungths  Bt«e1  vin  is  the  only  mateml 
which  is  emplojed  at  the  [ireaent  time  |  for  shorter  lengths 
hemp  or  Ghina-graas.  The  relation  betvreeQ  the  tearing  stress 
and  the  weight  of  nnit  length  ia,  indeed,  about  the  same  for  silk 
aa  for  steel  wire,  but  the  much  greater  diameter  of  the  former 
would  cause  a  greater  wind -pressure  on  the  string,  and  cou- 
seqnentl?  prevent  the  attainment  of  great  heights  when  using 
silk  strings,  leaving  totally  out  of  consideration  the  much  higher 
price  of  the  latter. 


Breaking  stress  in  kg.,  .  bO  7&  100  125  150  176  200 
Diameter    (  8teel  wire,    .   0-48  0-67  0-67  0-76  O'Se  0-96  1-06 

in  mm.  t  Hempencord,  24  3-0  8-8  8-8  8-9  (4-8)  (48) 
Weight  in  ( St«al  wire,  .  1-2  .  1'9  27  30  18  B"?  B'S 
kg.pertm,t  Hempen  cord,    6        7       S       12      14    (16)   (18) 

These  numbers  a]:^Iy  te  the  untinned  wire.  Tinned  wire, 
especially  of  the  smaller  sizes,  has  a  somewhat  lower  breaking 
stress — 25  per  cent  lower  for  wire  of  07  mm.  diameter,  6  per 
cent.  lower  for  wire  ot  1  mm.  diameter.  The  numbers  are 
average  values  ;  in  long  lines  we  must  always  allow  for  somewhat 
weaker  places,  and,  gocerally  speaking,  the  wire  should  not  be 
loaded  to  more  than  half  its  breaking  stress  as  given  above, 
while  particular  care  should  be  taken  to  injure  no  part  in 
handling  it.  In  steel  wire  rust  and  kinks  especially  must  be 
prevented.  Untinned  wire  must  theretoro  be  constantly  kept 
oiled,  especially  after  being  wet,  by  being  drawn  through  two 
dusters  or  rags,  the  iirat  being  to  dry  the  wire  and  the  second 
to  oil  it  Temperature  changes  also  causa  a  deposit  of  rime  on 
the  wire,  which  easily  produces  rust,  and  must  be  removed. 
Tinned  wire  is  ^  more  pleasant  to  work  with  in  these  respeote, 
although  it,  too,  should  be  kept  dry  and  slightly  greased. 
Kinks  are  caused  in  hard  steel  wire  by  drawing  together  the 
loops,  which  are  formed  as  soon  as  the  tension  of  the  wire  is 
relieved.  It  is  absolutely  necessary  that  they  should  be 
prevented  or  cut  away.  Every  siiarp  bend  in  the  wire  also 
carries  danger  with  it  In  connection  with  ropes,  in  addition 
to  the  ordlnaiT  deterioralion  through  friction,  one  special 
source  of  trouble  arises  in  kite  strings,  i.e.  the  string  when 
slightly  damp  is  liable  to  give  olT  eparlts  due  to  atmospheric 
electricity ;  tliess  cause  defects  and  a  large  decrease  in  tiie 
breaking  stress  of  the  rope. 
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The  string  must  not  be  mode  of  conducting  material  vith 
small  non-condncting  lengths,  but  all  Bhonld  be  made  con- 
ducting. 

Tensloii. — Since  in  addition  to  tbe  two  teneions  acting  at 
the  ends  of  tbe  string,  there  are  two  other  forces  acting  on  the 
whole  length,  the  tension  is  not  the 
same  at  ever;  point.  On  account  of 
gravity  the  tension  diminishea  down- 
wards bj  the  weight  of  the  vertical  pn>- 
i  jeetion  of  the  corresponding  piece  of 
string.  If,  in  fig.  41,  I  is  Uie  tension 
at  the  upper  and  t'  at  the  lower  end 
of  the  atring,  then  t'^t-hw,  where  w 
is  the  weight  of  unit  length  of  the  string 
or  wire.  On  account  of  tbe  pressure  of 
the  wind  tbe  tension  is  also  altered,  but  the  alteration  has  not 
yet  been  investigated. 


S  i.  JOISTS. 

The  joints  between  the  separate  parts  of  the  atring  are 
nauolly  its  weakest  points,  since  the  breaking  stresses  of  the 
threads  and  wires  dlmiDish  under  the  pressing  and  twisting 
necessary  to  make  a  good  joint.  Since  the  strength  of  the  line 
is  that  of  its  weakest  pu^,  the  greatest  care  must  be  exercised 
in  making  the  joint.  This  will  !m  rendered  easier  it  the  follow- 
ing precautions  are  taken  :— 

(a)  In  order  that  the  joint  may  not  become  loose  by  slipping, 
thepartaof  the  joint  must  grip  one  another,  so  that  the  strong 
the  pull  on  them  the  firmer  they  become.  With  soft  matonal 
(string)  we  must  bind  the  joint  wit^  steel  wire.  The  joint 
between  two  wires  may  be  made  by  pressin);  the  wires  together 
between  plates  by  means  of  screwa,  but  it  is  usually  better  to 
twist  together  in  parts  (binding,  knots,  splicing). 

(b)  Since  tbe  breaking  stress  decreases  witib  a  decrease  in 
the  radius  of  the  curvature,  the  best  joints  are  those  in  which 
the  wire  and  string  are  but  little  bent  in  the  middle  portion 
of  the  splicing,  being  bent  more  sharply  only  some  distance 
away,  giving  a  portion  in  which  the  tension  is  taken  up  by 

Joints  between  rope  and  rope.— The  better  knots  fulGl  the 
above  conditwns.  The  bow  knot  possesaea  good  properties, 
especially  great  tearing  stress  and  absolute  Qrmness ;  it  is 
readily  undone  even  after  great  tensions  have  been  applied 

to  it,  since  it  never  draws  itself  toge"—   "-- ~  '*■ 

being  released  as  soon  as  the  forces  a: 
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knots  for  special  pnrpoB«B  are  reef-knota  (crosa  knots),  fisher- 
men's tack  ;  the  ordinal?  parcel  knot  used  b;  bookwlUn  «nd 
others  is  also  a  rationally  strong  knot.  Still  stranger,  being 
IsBs  liable  to  give  than  the  rope  itself,  is  splicing,  in  which  ths 


separate  threads  are  plaited  through  one  another. 

The  joint  between  wire  and  wire  is  also  termed  splicing, 
although  it  is  not  formed  by  plaiting,  but  merely  by  twisting 
the  two  wires  together  ;  these  hold  together  owins  to  friction 
and  resistance  to  change  of  shape.  The  shorter  the  twistings 
the  greater  the  friction,  but  the  weakening  of  the  wire  is  also 
greater.  Short  hammered  splicinga  break  nnder  tension  at  one 
of  the  ends  where  the  wire  emerges,  never  in  the  middle. 
Sharp  bending  is  free  from  risk  omy  when  at  least  20-GO  per 
cent  of  the  tension  is  token  up  by  friction.    Best  splioing; 


In  the  middle  about  4  cm.  with  short  even  tarns  at  }  to  I  om. 
apart,  right  and  left  of  this  20-40  cm.  with  long  turns,  one 
winding  =  4  em. ,  then  the  short  ends  stretched  oat  in  a 
straight  line  and  finally  bent  at  right  angles  and  made  fast 
by  two  short  turns.  It  is  ooQecessai;  and  dangerous  to  solder 
this  splicing.  If  only  long  windings  are  to  be  used  the  splicing 
must  be  about  a  metre  longer. 

A  joint  between  wire  and  rope  is  best  effected  by  means  of 
B  thimble  through  which  the  rope  is  passed.  With  ordinary 
bull's  eyee  (fig.  4fi)  both  a  and  b  are  weak  places,  and  if  the' 
angle  at  a  is  >  120°,  the  tension  on  each  branch  is  >  f  where  t 
is  ik«  tension  in  e.     Hence  the  wire  is  easily  broken  at  a,  when 


Tia.  U.— EOppen's  olutoh  tli 

the  splicing  is  carried  too  &r.  At  the  Blue  Hill  statioQ  this 
port  of  the  wire  is  consequently  taken  doable,  and  the  splicing 
long,  being  made  as  described  above.  Koppen'a  cluteh  thimble 
is  more  convenient  and  better  :  the  wire  enters  with  a  bend  of 
70  mm.  radius,  and  by  bending  gradually  fastens  itself,  the 
firmer  the  stronger  the  pull  is,  and  comes  out  at  o,  where  it 
is  wrapped  round  the  ring,  and  hooked  fast  near  o  simply  by 
beuding.     The  drawing  through  and  fastening  is  accomplishe'' 
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im  one  to  two  minutes  ;  since  the  last  10  to  GO  metres 
■e  are  tisualiy  spoilt  they  cun  he  cut  away  without  loss  of 
Bad  the  ring  recovered.  The  ring  may  he  opened  by 
— '-  the  outer  parts  are  of  magnalinm,  the  innot — 
'  '    fig.  4tl— of  brass.     It  neighs  Id  gm. 


shown  shaded 


g  6.  THE  BKIDLE. 

In  order  to  obtain  equilibrium  the  point  at  which  the 
resultant  of  the  pressure  of  the  wind  acts  must  be  in  the 
projection  of  the  line  of  the  string.  Since  this  point  is  difficult 
to  determine,  and  changes  with  the  strength  of  the  wind,  this 
position  most  be  automatically  attained  by  small  alterations 
in  the  inolination  of  the  kite.  In  boi-kites,  where  the  centre 
of  pressure  lies  in  the  interior,  it  is  sufficient  to  fasten  the 
string  at  one  point  on  the  under  side  of  the  kite  snriace,  but 
with  single  snrfaced  and  Malay 
kites  a  diviBion  of  tbe  string 
is  unavoidable  for  stability. 
This  may  also  fulfil,  however, 
with  other  types  of  kites,  a 
further  object  —  the  multiple 
support  of  tne  fnunework  against 
the  pressure  of  the  wind- 
Branching  the  string  to  the 
right  and  left  serves  this  purpose, 
I  while  branching  it  forwards  and 
behind  increases  the  stability. 

The  point  at  which  the  single 
string  IS  branched — the  brand- 
ing point — is  found  thus ; — Let 
h  k  and  i  I  ite  the  [irofiles  of 
two  surfaces  of  a  step  kite  (see 
fig.   47),  then  we  may  assume 

Fio.  4T.-Dete™l»Uon  of  the     ^^^  *^^  "'"^  P"^""^  ""JT 
brmchlrg  point.  "s   very  nearly  represented   by 

the  two  forces  a  fraud  ed.  Their 
directions  are,  according  to  measnremente  by  Marvin  on 
Hargrave  kites,  in  gooa  kites  inclined  at  only  about  10°  to 
the  perpendicular  to  the  carrying  surface.  Researches  carried 
out  under  water  with  such  models  show  that  a  i  is  greater  than 
cd  ;  the  position  of/  is  given  hy  the  relation  b/  -./d^cd  :  ai. 
The  uppermost  part  of  the  string  must  fall  in  the  line  «/,  the 
branching  point  on  the  same  is  chosen  from  practicfl  considera- 
tions—«.jr.  at  g  ;  then  oh  and  gi  are  the  two  principal  branches 
of  the  bridle,  ^m  which,  if  required,  secondary  branches  may 
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go  to  other  points  of  the  kit«  which  it  mti;  be  deeired  to 
aapport  It  is  BhowQ  in  practice  that,  as  a  matter  of  fact, 
tha  pressure  line  </  cute  the  front  line  A  t  of  the  kite  about  in 
the  middle. 

With  similar  spproziiuations  the  centre  of  presanre  of  other 
new  forms  of  kites  ma;  be  found  and  afterwarda  tested. 

If  the  branch  g  i  of  the  Inidle  is  made  elaatic,  then  the  kite 
takes  up  a  smaller  angle  of  incidence  to  the  wind  with 
iiicressiug  wind.  By  suitably  choosing  the  elastic  cord  we 
obtain  a  valuabls  guarantee  against  the  wind  pressure  Incrsaaing 
too  rapidly  on  the  kite,  and  so  decrease  the  risk  of  tearing  the 
wire  and  breaking  the  kite,  enabling  smsller  wire  to  be  used 
and  a  creater  height  to  be  attained.  The  same  object  maybe 
aohiered,  though  not  so  perfectly,  by  introducing  a  weaker 
piece  in  jr>;  this  tears  before  the  principal  wire  is  in  danger. 


I  fl.  THE  VIHOH. 

A  windlass  or  winch  is  necessary  for  drawing  in  the  ■trine 
even  when  rope  is  ased,  as  soon  as  we  deal  with  Targe  kites  and 
long  lenetha,  and  is  unavoidable  when  we  are  using  wire  as  the 
string,  since  this  cannot  be  held  fast  by  hand.  Large  kite 
winches,  driven  by  motors,  have  been  instslled  at  Blue  Bill 
(Boston),  Washington,  Trappos  (Paris),  and  Lindenberg 
(Beeskow),  For  band  driving  a  convenient  form  of  winch  is 
made  by  Marvin  in  Washington ;  this  form  is  in  use  in  Ham- 
bure  (aiewarte).  It  is  mounted  on  a  turn-table,  has  counting 
mechanism  and  tension  measQrers  on  the  crank  ;  the  wire  leads 
from  the  drum  directly  to  the  kite. 

In  order  to  protect  the  staff  and  machine  from  wind  and  rain, 
»  hnt  capable  of  being  rotated  is  very  Useful,  the  wire  being  led 
through  a  large  door.  In  addition  to  this  a  large  hut  or  ahed 
: ,^  fp^  preparing  and  building  the  kites. 


g  7.  FOBHS  OF  KITES. 

Innumerable  forms  are  possible,  but  only  a  few  can  be 
employed  practically. 

A.  Flate-kitoB.— Have  in  general  too  little  stability  and  too 
small  an  angle  of  ssCBDt. 

The  sii-oomered  kites,  with  which  Baden-Powell  in  England, 
and  others  in  Russia,  have  experimented,  using  four  or  five 
arranged  tandem-wise,  to  investigate  the  raising  of  scouts,  can 
be  folded.  The  Enelisb  kites  are  12  sq.  m.  in  area  and  have 
one  long  stick  (backbone)  and  two  cross  bars.    They  fly  without 
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taili.  In  order  to  ensure  stability  two  atrings  fastened  at  tk 
conaidBTable  distance  attart  are  employed.  Four  English 
militaiy  kites  coupled  behind  one  another  are  depicted  in 
fig.  58. 

B.  Halay  kites,  — Tranarerss  curved  lasts,  as  used  in  different 
parts  of  Asia,  give  these  kites  great  atabiii^.  W.  A.  Eddy 
conatmcted  a  very  practical  kite  of  ^reat  stability  in  America  in 
189B,  using  two  sticks  of  eqnal  length  ;  the  homontal  cross 
piece  is  placed  18  per  cent,  of  the  length  from  the  top  of  the 
vertical  side.  The  etidB  of  the  cross-peces  are  bent  baokwaids 
in  a  bow  and  connected  by  a  cord. 

For  kites  of  2  sq.  m.  aurfacs  and  upwards  Eoppen  has  applied 
the  following  conatnictioa : — Apiece  of  wliit«  metal  is  cut  oat  by 
a  tinsmith  in  the  shape  shown  in  Gg.  4S  ;  in  the  middle  it  is 
strengthened  with  a  cross  sheet  soldered  on,  and  is  folded  along 


UalSf  kite. 


ths  dotl«d  lines  ahowD,  which  have  to  enclose  the  backbone  a  a 
and  the  cross-pieces  h  and  c.  This  is  nailed  on  to  a  thin 
triangular  boora  (see  Sg.  49),  and  the  crosa-piecea  b  and  e 
inserted  as  shown.  The  calico  (or  other  material}  is  attached  to 
this  framework  by  means  of  suitable  hooks,  and  when  the  kite 
is  to  be  stored  avsy  con  be  detached  from  b  and  e  and  wrapped 
round  the  backbone. 

These  kit«s,  known  under  the  name  of  Malay  kites.  By  high 
and  well,  witiiout  tail,  even  in  a  feeble  wind  (ij  to  8  m,  per 
sec)  (see  fig.  60). 

C  Haigrave  or  boi-kitea  have  displaced  all  other  forma  of 
kite,  although  much  more  complicated,  more  breakable,  and 
heavier  to  build  and  to  transport  They  are,  however,  wheo  care- 
fully constructed,  the  most  stable  kites  known  at  the  present 
time,  as  they  ascend  steeply  and  exert  the  greatest  force.  They 
are  tiierefore  especially  to  be  recommended  for  raising  a  weight 
to  great  heights  into  the  air.      The  kite  consists  of  two  or 


cells  of  different  ctobi  sections ;  figs.  61,  Bin,  61b  shov 
few  exunplea  of  tliia  type  of  kite ;  »  vertical  section  shows  at 
"  '"  ^ny  plane,  and  two  at  right  angles 


least  two  limng  soriaceB 
to  this  plane  (qf.  fig.  62- 


s  four  black  lines),   of  wMch 


TlQ.  fila.— P>tt«nu  Introdaced  bj  Pott«r. 


The  build  of  a  Hargrsve  or  boi-fcite  may  be  of  Very  different 
patterns.  Hsrgrave  himaelf  UBoally  arranges  to  bare  two  longi- 
tudinal rods,  which  alone  serve  to  bind  the  celle  together,  while 
the  remaining  longitudinal  rods  have  only  the  length  of  a  cell ; 
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thess  form  the  corners  of  the  kite,  and  ia  Hargrave'e  latiat 
models  are  only  held  in  poaition  b;  diagonal  ties  which  stretch 
from  them  to  the  louKGr  longitudinal  rods.  On  the  other  hand  the 
meteorological  hi^-njing  kites  used  in  America  are  all  built  on 
a  difTerent  plan,  and  almost  exclusively  as  rieht-angled  prisms 
in  which  all  the  edges,  and  also  all  the  edges  of  the  cells, 
stretched  with  fabric,  are  formed   of  vooden  strips.     A  good 


employed  at  the  Kite  stations  under  the  Washington  Weather 
Bureau,  and  also  for  the  majority  of  aHcenta  at  the  Hamburg 
Seswarte.  The  front  cell  has  three,  the  rear  two,  lifting 
surfaces.  The  build  is  somewhat  clumsy,  but  repairs  are  simple 
to  execnte,  since  single  broken  ties  are  easily  removed  and  re- 


t 


ilaced  by  new  ones  ;  diagonal  stays  are  all  made  to  fit,  and  can 
je  quickly  rdnserted  in  their  proper  places  when  it  is  neceaaary 
to  loosen  them.  The  string  is  fastened  to  the  middle  point  of 
the  lower  edge  of  the  front  cell  of  the  kite,  and  has  one  branch 
to  the  rear  edge  of  the  front  cell  and  a  second  branch  to  the 
rear  cell.      If  the  first  branch  is  elastic  or  arranged  to  break 
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first,  then  with  »ii  increue  in  the  pressQie  of  the  wind  the  pall 
is  exerted  on  the  second  branch  and  the  kite  lies  acmewhat 
flstter.  In  the  Hai^ve  kite  without  "between  soil"  the 
first  brsnch  of  the  bndle  must  usoall;  be  fastened  to  the  retr 
edee  of  the  front  cell. 

In  the  American  form  of  this  model  the  actual  building  is 
beet  carried  out  bj  first  making  the  four  upright  anriaoes 
perpendicular  to  the  main  frame  and  then  placing  in  poaition 
the  ioneitudinal  rods  and  horizontal  aur&ceB. 

Wellilinilt  Harmye  kites  weigh  O'e  to  0'8  kg.  per  sq.  m.  of 
lifting  surface,  and  require  (at  a  height  of  2Sm.)a  wind  velocity 
of  about  6  m.  per  sec.  to  loar. 

If  the  liftine  surface  of  the  Hargrave  kite,  namely  that  of  its 
front  cell,  is  lightly  arched  (deptn  of  se^ent :  ara  =  l :  12)  it 
will  rise  more  etaeply,  at  from  60    to  67',  instead  of  from  G6*  to 

/*^ 

no  H.— Lamaon  Ula. 

dO*.  It  has  proved  best  to  have  an  arch  whose  highest  point 
lies  far  forwards,  and  whose  steep  fi'ont  portion  is  formed  of  stiff 
material, — veneer  wood  or  thin  steel  plate. 

D.  Ottier  typet  of  Utea, —Closely  related  to  the  Hai^rave 
kite  there  are  a  series  of  other  newer  forms  of  kites,  which  also 
consist  of  several  lifting  and  mdder  surfaces,  but  arranged 
differently.  It  is,  in  bet,  very  improbable  that  the  best 
arrangement  haa  as  yet  been  discovered.  On  the  contrary, 
every  one  of  the  known  forma  has  certain  drawbacks  which 
it  is  hoped  may  ultimately  be  avoided.  Unfortunately  it 
is  impossible  to  predict  beforehand  what  the  action  of  any 
particular  arrangement  will  be ;  it  can  only  be  tested  by  patient 
experiment. 

The  LaDWm.  kiie  (fig.  64)  (invented  in  1897,  Portland,  Me.) 
is  a  form  characterised  by  rising  steeply  and  having  great 
stability  ;  it  formed  the  point  of  the  team  of  kites  in  uie  first 
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high  ascents  &om  Blue  Hill.  In  principle  it  is  a  Hargrare 
kite  wilii  large  fore  and  amaller  rear  cells  and  curved  liftii^ 
BUrfBces.  Unfortunately  it  is  difficult  and  expensive  to  balld, 
is  rery  fragile,  and  needs  a  strong  wind. 

The  Nikel  IHU  (fig.  55)  (invented  1898,  Vienna)  is  baaed  on 
the  Kress  flying  machine,  but  has  at  least  four  paiiB  of  wings  ; 
the  wings  have  only  stiff  ribs  on  the  front  side,  the  back  is 
flexible  and  is  lifted  b;  the  wind  so  that  it  assumes  the  appear- 


Fia.  SB.— Nik«l  kite. 

auce  of  Venetian  blinds.  In  addition  the  ends  of  the  wings  can 
bend  back,  while  their  middle  portions  have  great  stiffness.  It 
is  several  metres  long  and  is  difficult  Ui  build. 

Tht  Slat  kite  (inviiatxAlWi,  Hamburg)  has  a  stiff  frame  like 
a  Hargrave  kite,  bnt  Its  surfaces  are  arranged  like  slats  of 
Venetian  blinds ;  its  profile  is  shown  in  fig.  66,  and  an  oblique 
view  of  two  forms  of  it  in  figs,  bla  and  b.     The  sides  of  the 

W^  kite  form  vertical  guidiog  anrfaces.     The  kit« 

^^^^        maj  be  built  with  two  or  more  lifting  surfaces. 

^^^^  Kites  of  this  form  have  already  made  a  number  of 
^^n  successful  Bsoents  at  considerable  heights,  but 
^^^      they  are  not  so  stable  in  a  strong  wind  as  the 

-g.^  ^g]|2      Hargrave  kite.     Their  advanUge  over  the  latter 

profile  ot  slat  lies  in  the  fact  that  they  require  only   75  per 

kits.         cent,    of   the  wind   velocity   neceasaiy    for   the 

Hargrave  kite,  vis.,  4-6  m.  per  sec.  as  against  6  m.  per  sec 

(at  a  height  of  25  m.,  about  %  of  this  on  the  ground),  while 
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they  are  at  the  ume  time  simpler  (in  the  form  BJb)  and  Ina 
fragile  than  the  Har^rave  kite. 

The  Kutznotiki  kit«  (designed  in  St  Peterabnrg  in  1908)  i»  a 
Hargrave  kits,  the  ernes  Bcotiou  of  which  is  a  segment  of  a 
circle,  so  that  it  has  the  apiiearance  of  two  aeini-cjlindera 
oRSD^d  behind  one  another,  the  curved  surfacea  being  against 
the  wind.     It  posaesses  eicel  lent  stability. 

The  lAmsoD  and  Nikel  kites  are  the  oul;  ones  of  these  kites 
which  have  been  boilt  up  to  the  present  on  a  large  scale  ;  the 
latter  onlv  Bies  when  it  is  at  least  6  metres  long  and  3  metiea 
broad.  The  slat  kit*  has  been  tested  and  satisfactorily  flown  when 
of  veiy  different  dimensions,  varying  in  breadth  from  0'3  to  3'0 
metres.  The  Lamsoo  and  the  slat 
kites  may  be  folded  up  for  trans- 
port,  bat  this  is  generally  impossible 
with  the  Nike!  Bte.  The  slat  kite 
is  most  conveoiently  built  with  three 
rigid  vertical  segments  and  removable 
cross  ties.  Experiments  are  at  pre- 
sent bein^  carried  out  with  a  view 
to  perfecting  the  Nikel  and  the  slat 
kites.  The  main  problem  ia  to  dia-  / 
cover  a  kit«  which  will  soar  easily,  / 
while  possessing  the  strength  and 
simplicity  of  the  Malay  kite  combined 
with  the  stability  of  the  Hargrave 
kite,  and  have  an  angle  of  aacent 
not  less  than  the  best  of  these  types. 

Those  forms   of  kites  which  are 
bounded    by    stiff    edges    may    be 
furnished  with  advantage  with  Qap- 
ninK   wines,    which   serve    as   lift-  „_    „        . ,     _.     .  , , , 
fij  .mOSSta  .  fcbl.  irind  „dn-.''-"".-n»«""> 
aa  steadying  surfaces  in  a  strong  wind,  while  increasing  the 
total  weight  but  slightly. 


%  8.  TEAXS  OF  KITES. 

A  carrying  surface  of  from  G-8  sq.  m.  is  the  greatest  a  kite 
can  possess  withoat  becoming  clumsy  to  handle.  If  more  is 
required,  extra  kites  are  fastened  to  the  same  string.  Such  a 
team  of  kites  has,  however,  other  advantages,  viz.,  regular  poll, 
adaptability  to  the  momentary  existing  conditions,  poasibili^ 
of  attaimng  great  heights.  The  kites  may  be  coupled  either 
(1)  tandemwise,  or  (2)  side  by  side.  In  the  first  system, 
adopted  by  Hargrave  and  Baden-Powell,  the  uppermost  Eita  is 
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fitBtened  to  the  back  of  the  lower  one  with  one  or  two  striugi  ^m 
10  to  100  ms.  long,  A  team  of  kitsB  arranged  by  Baden-Powell 
U  shown  in  fie.  S8,  one  by  Eargrare  in  Gg.  KB.  The  positions 
of  fastening  the  upper  and  lower  strings  to  the  kites  must  lie 
opposite  to  one  another.  The  second  Bjstem,  due  to  Eddy,  ia 
in  use  eicluaively  at  meteorologioal  stations ;  every  kite  flies  on 
its  own  branch  line  (fig.  80),  which  is  attached  to  the  main  wire 
by  means  of  a  clamp  or  otherwise  ;  it  ia  used  when  a  great  pull 
is  desired.  According  to  eiperimBnts  carried  out  at  Hamburg 
the  first  system  is  also  eicellentlj  adapted  to  meteorologicd 

Curposes,  the  instruments  being  carried  in  the  interior  of  the 
iwest  and  largest  kite  of  the  team.  The  ascent  and  landing  ara 
rendered  much  less  troubleHome  since  the  pull  exerted  by  the  kites 


ahore  breaks  the  fall.  In  feeble  winds  a  Malay  kite  ma;  be 
employed  for  the  uppermost  one  of  the  team.  If  after  1600  to 
2000  metres  of  wire  nave  been  payed  out  the  angle  sinks  to  below 
IE"  or  20"  and  a.  greater  heiglit  ia  desired,  a  new  kite  may  be 
attached  by  the  second  method,  and  so  on.  If  this  kite  is  large 
— 3  sq.  m.  or  more — it  is  advisable  to  use  a  thicker  main 
wire  from  the  junction,  otherwise  the  pull  may  be  too  great  for 
the  wire  (or  else  the  wire  above  was  unnecessarily  heavy).  We 
can  gradually  go  over  in  steps  from  wire  0-7  to  0"8  mm. 
diameter  to  wire  of  0-9  to  I'l  mm.  as  required. 

Vsrioua  SfBtema  have  been  employed  for  fastening  together 
the  main  and  branch  wires.  If  the  size  of  the  main  wire  is  also 
to  be  changed  at  the  joint,  common  or  two-ended  thimbles  may 
be  used  for  the  wires  ;  these  give  a  perfectly  flexible  joint  which 
can  be  rapidly  made  and  loosened. 

For  fastening  a  branch  wire  to  a  uniform  wire  while  paying 


out  the  latter,  the  best  cUmp  ia  the  rorra  employed  in  the 
AeioDaatical  Obaervator;  in  Berlin- Tegel ;  this  only  gripe  on  a 
bend  in  the  stietcbed  wire  end  ia  quickly  foateDM  on  and 
removed.  The  forms  of  clsmps  used  at  Blue  Hill  and  Trsppes 
b»Te  been  subjected  to  thorough  t«sts,  but  are  ueverthelau 
more  clams j  and  dangerous. 

Tlie  object  to  be  carried  b;  the  kite  should,  whenever 
possible,  be  carried  inside  the  kite,  and  not  swing  on  to  the 
wire.  It  is  then  well  secnred,  even  if  the  kite  diould  fill  or 
fly  sway.      Twioe  the  meteorograph   in    Hamburg  (arranged 


according  to  MarviD'e  suggtetion),  fastened  as  ehowti  it 
flew  away  6  to  8  km.  in  the  kite,  without  meeting  with  the 
slightest  damage.  For  lifting  men  also,  this  system  is  much 
less  danKerouB  than  that  oF  suspending  a  car  underneath  the 
kites.  The  load  ahould  be  arranged  a  little  in  front  of,  rather 
than  behind,  the  centre  of  gravity  of  the  kite,  in  order  not  to 
disturb  the  balance. 


g  9.  TBI!  ASCENT  AHS  I,AHDIHO. 

In  order  to  raise  a  large  kite  it  must  be  brought  out  some 
50  to  70  m.  in  the  direction  of  the  wind,  if  this  be  stroDg, 
or  100-150  m.  if  feeble,  and  then  held  aloft  with  Btret«h«l 
line.  If  the  wind  tends  to  force  the  kite  to  one  side  it  must 
be  followed ;  the  hold  muat  not  be  relaxed  until  it  rises 
squarely,  as  otherwise  dsmage  may  easily  result. 

In  landing  the  fragile  types,  such  as  the  Haigrave  kites,  they 
should  be  caught  whenever  possible.  If  three  peisoue  are 
employed,  one  may  operate  the  winch,  a  second  catch  the  kite, 
and  the  third  attend  to  the  landing  roller — a  light  roller,  not 
too  small  (radius  >7  cm.),  which  is  placed  on  the  wire  and 
allowed  to  roll  on  the  wire  towards  the  kite  ;  the  kite  must  be 
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kept  under  obseryDitiaD,  and  if  unsteod;  ttie  line  should  be 
pa;«d  out  again  aud  drawn  in  only  when  the  kite  Sies  steadily 
and  almost  vertically  overhead.  A  landiug-liae  20-30  m.  long 
should  be  uaed  in  strong  winds ;  it  should  be  gripped  by  the 
osuBtuit  near  the  kite  and  drawn  rapid];  to  leewards.  If 
the  kite  is  carried  t^  other  kites  above  it,  these  landing 
difficulties,  b;  which  the  tedious  work  of  Bereral  days  may  be 
destroyed  in  a  few  aeconds,  are  obviated. 


The  expenses  of  maintaining  kites  vary  according  to  the 
olneot  in  view  and  other  circnmatancea. 

The  following  data  may  be  of  use  in  forming  an  estimate  of 
the  coats  i — 

(a)  Co^  ofmioierial. — For  a  HargraTe^Uarvin  kits  of  8  sq.  m. 
lifting  surface  the  cost,  eiolnaivB  of  tbe  original  cost  of^  the 
productioD  of  the  shapes  and  moulds  for  the  metal  work,  is 
aboat  28s.  for  material,  and  thirteen  days'  labour.  These  kites 
are  easily  repaired,  since  the  separate  parts  can  be  readily  re- 
placed. The  simple  boi-kites,  such  as  those  built  in  Trappes, 
are  much  mois  quickly  made,  but  the  repairs  of  damage  ars 
difficult,  and  often  not  worth  the  cost  of  carrying  oat. 

The  wire  costs  5s.  a  kj^.  Wire  07  mm.  in  diamelet  weighs 
approximately  3  kg.  per  kilometre,  O'S  mm.  4  kf;.,  and  0'9  m"*. 
S  kg.  per  km.  1-3000  m.  of  wire  may  be  bou^t  in  one  piece, 
according;  to  the  thickness. 

A  hand  winch  must  he  procured,  price  according  to  require- 
ments, £5  to  £30,  if  it  is  to  take  several  thousand  metres  of 
wire  ;  if  a  winch  taking  only  a  few  hundred  metres  is  sufficient 
it  would  coat  much  less.  If  it  is  only  desired  to  experiment  in 
summer,  in  the  neighbourhood  of  a  building,  a  transportable 
winch  is  all  that  is  necessary,  otherwise  one  should  be  filed 
np  in  a  booth  which  can  he  rotated  —  price  about  £15.  A 
shed  for  building  and  making  ready  the  kites  must  also  be 
provided. 

For  continuous  meteorological  work  the  minimum  reqairement 
is  the  provision  of  a  workshop  capable  of  being  heated,  and 
close  at  hand. 

The  price  of  a  kite  meteorograph  is  about  £30,  with,  or  £20, 
without,  anemometer,  exclusive  of  cost  of  transport,  etc.  At 
least  one  reserve  instrument  is  necessary  if  it  is  desired  to  b« 
protected  against  long  and  continuous  interruptions.  In 
r^ular  practice  the  meteorological  conditions  at  the  earth's 
suriace  should  also  be  recorded,  otherwise  full  value  oauuot  be 
obtained  from  the  records  at  the  higher  altitudes. 


PAR&OHUnS  161 

(b)  Ths  penonal  eipenseB  an  the  most  unportant,  bat  depend 

Eincipollj  on  eibimal  cucDmitanceB  in  connection  with  the 
te  station.  It  ma;  be  remarked  hen  that  two  or  three 
peraons  thoioughlj  underslandiiiK  the  bosinesB  should  be  in 
attendance  for  hvr  to  six  honre  during  each  kite  ascent ;  of  these 
one  must  take  the  command  and  reaponsibilit;.  In  the  paoMa 
which  occur  between  the  aecente,  owing  to  the  wind  being  too 
feeble  from  time  to  time,  the  aaaistaDta  will  be  engaged  in 
boijdine  and  repairing  kitoe  and  other  QeceBearj  work.  It  is 
odTieabTe  to  have  onlj  tlie  first  pattern  of  a  kite  made  outside 
the  station,  or  much  time  may  be  lost  in  case  of  a  mishap  ;  ja 
the  long  run  it  is  better  not  onl^  to  hare  repairs  carried  out  at 
the  etation,  bnt  to  have  the  kit«a  themselves  built  there. 


B.— PARACHUTES. 

%  1.  FASAOHDTES  ALREADY  TESTED. 

The  parachute  ia  a  develapmoDt  of  the  umbrella  or  sonebade. 
Experiments  with  parachutes  were  mode  as  long  as  foar  hundred 
years  ago  by  Siomesa  juggler; 


18SS),  and  Fausto  Veronzio,  an  architect  of  Venice,  1817.  _  . 
first  BuoceaalU  experiments  in  Europe,  from  small  heights,  were 
made  by  Lenonoand,  1783  (Ajmalea  dea  Arit  et  itanufaetura. 

Ear  B.  O'Beilly,  voL  xvi.,  Paris,  1801);  and,  from  balloons, 
J  Garneriii,  1797  ("Astra  Caatra,"  Bxperimenli  and  ^dvai- 
lurea  in  the  Atmotphtre,  by  Hatt«u  Tumor,  London,  1885,  p. 
110) ;  the  former  used  at  fir^t  two  umbrellas,  strengthened  by 
binding  the  fish-bone  ribs  with  strings  to  the  handle,  to  prevent 
overtarning ;  the  latter  used  a  large,  specially  built  ombrella, 
which  he  soon,  acting  on  Lalande^s  advice,  furnished  with  a 
central  opening  (together  with  a  tube  1  metre  long),  in  order  to 
diminish  the  great  vibration.  J.  Oarnerin'a  parachute  of  1802 
was  mode  of  white  canvas,  and  hod  a  diameter  of  7  metres ;  at 
the  top  was  a  ring  of  wood  2G  cm.  in  diameter,  fastened  to  the 
canvaa  by  thirty-aii  short  pieces  of  tape.  A  wooden  hoop,  2*4 
metres  broad,  placed  1'4  metres  beneath  this,  held  the  fabric 
half  open  during  the  ascent  and  fall.  The  vibrations  were  so 
great  that  the  car  and  parachute  were  often  at  the  same  height 
The  times  of  biX,  as  sometimes  stated,  seem  ostoondingly  long. 
Kobertson,Jun.,  fell  SOOO  metres  in  Semins.  ;  Bivel,  1700  metres 
in  33  mine. — giving  velocities  of  1'43  and  1*23  metres  per  sec  ; 
Fran  Poitevia  is  said  to  have  required  13  mins.  for  a  fall  of 
11 
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18D0  metrea,  bo  that  slis  found  ber  hneb«nd  packing  up  th« 
balloon  in  vhicli  she  had  asusnded  with  him. 

The  above  times  of  fall  were  apparsntlj  increased  by  ur 
■mrrents.  Calculations  by  Dr Biiialer  {CentialbljUl  der  Btmvrr- 
v>att\mg,  1S89),  baaed  on  Didion'9  eiperimenta  with  amaU 
parachatee,  give  the  following  final  velocities  far  the  fall  from 


etUUi 


a  the  avi 


100 
■ge  even  for 
etdensi^ 


of  the  ail  at  great  heights  ia 
token  into  ooconnt. 

Poitevin's  parachute,  in  nse 
thirty-eight  times,  was  stretched 
with  sOk  ;  it  was  12  metres  in 
diameter,  with  a  central  opening 
at  the  top  16  cm.  in  diameter 
(it  ought  to  have  been  larger), 
and  weighed  SO  kg. 

Ledieu  gives  Ae  following 
particulars  with  re^^ard  to  the 
usaal  French  parachute  used 
at  the  present  ^j  {Lt  wneBtan 
maUriai  naval,  Palis,  1S90,  p. 
27G.     Farachat«s). 

A  parachute  reqmred  to  cany 
its   own   weiskt   and  that  of  a 
Fio.  SI.— Fuiuhute.  man  should  bo  able  to  carry  100 

kg.  in  all,  and  must  bs  12 
metres  in  diameter  when  flat  and  10  metres  in  diameter  wheo 
arched,  and  have  on  area  of  aboQt  80  sq.  m.  (e/.  fig.  dl).  When 
folded,  the  car  hangs  as  shown  in  fig.  SIA,  being  suspended 
from  the  central  upper  ring  of  the  parachute,  and  from  the 
air  balloon.  Tbe  ropes  between  the  car  and  the  circumference 
of  the  parachute  are  then  slackened,  and  as  soon  as  the  balloon 
begina  to  fall  the  porachate  expands  and  t^ese  ropee  stretch. 
The  paiBcbute  is  now  detached  from  the  balloon,  and  the  pckiti- 
fnl  drop  experienced  before  the  parachute  opens  ilMlf  oat  is 
prevented. 

If  the  parachute  is  cut  loose  before  the  balloon  has  acquired 
a  large  downwaid  velocity,  it  opens  (according  to  Ton)  after 
a  fall  1^  at  moat  S  metres ;  the  balloon  then  rises  with  gr««t 
velocity  owing  to  its  having  bean  relieved  of  a  load  of  some 
100  kg.  weight 


PABAOBDTBS 


In  the  /.  A.  M.,  1000,  p.  74,  FrL  E&tha  Paolua  describai 
ft  doDbls  pftraohute,  kud  the  preoauttou*  necMMrT  in  its  nie. 
It  bM  no  application  except  at  shows,  to  display  a  doable 
leap  into  ipace  before  the  poblie. 


%  2.  PABAOHUTE  DBSIGN. 

Fot »  plane  surfio«,  whose  centre  of  gravity  liei  in  itself,  and 
in  the  middle  third  of  ita  length,  a  vertical  position  is  an  nn- 
*t*bls  one  for  a  free  fall,  and  it  can  only  remain  in  a  vertical 
poeition  nkomentarilj  ;  ever;  chance  deviation  from  the  vgrtioal 
leads  to  the  tilting  upwards  of  the  front  (or,  in  the  fall,  lower) 
edge,  antil  the  surlitcG  assumes  an  inclined  or  horizontal  posi- 
taan  {tj.  fis.  62,  where  m  ia  the  centre  of 
gravity  ana  n  the  point  at  which  tlie  reeultsnt 
of  the  air  resistance  acts). 

A*  one  can  easily  verify  by  means  of  a  piece 
of  writing  paper,  t  to  7  cm.  broad,  and  abont 
tbiee  times  as  long,  the  &11  may  take  place  in 
one  of  three  different  ways : — 

(1)  If  m  lies  in  the  middle,  and  the  oriKiaol 

position  of  the  sheet  is  horizontal^  the  »,_„-. 

>li..t  mmiiMii.  it.  lori»i.Ull»i«tim™i!Jj5g'™ 
dnnng  the  fall,  with  incrsaamg  vibra-    gnrfaee. 

(S)  When  »i  lies  in  the  middle  and  the  iheet  is  slightly 
inclined  at  starting,  rotation  oocnrs  about  the  longer 
horizontal  uis. 

(3)  If  m  is  ao  far  to  one  side  that  it  almost  coincides  with  n, 
the  plate  glides  downwards  with  the  henvier  tide  in 

Of  these  three  methods  of  fall,  which  are  distinguished 
as  hovering,  rotary  (ill,  and  gliding  fall,  the  first  is  least 
Ntardsd  and  least  stable.  A  piece  of  paper  falls  mors  rapidly 
and  makes  more  irregular  movements  when  it  is  let  go  in  a 
horisonlal  position  than  when  it  is  allowed  to  fall  in  a  strongly 
inclined  position.  The  eecond  method  of  fall  givee  a  slow,  and 
the  thinl  a  mors  rapid  horizontal  component,  the  vertioal  com- 
ponent being  in  eaoh  cose  about  the  tame,  snd  much  leaa 
than  in  (1).  Tha  first  msthod  of  fall  is  therefore  the  moet 
dlsadvantageona. 

Now  the  paivohnte  diffen  in  two  reepects  from  the  plate  we 
IWTS  been  oonsiderinK ;  it  is  not  plans,  bnt  oonoava  downwards, 
and  it  forms  with  the  dai  snd  it*  oontents  •  system  whoee 
o«ntre  of  ipavi^  lie*  very  low.     The  downward  oonoave  form 
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LDcretusB  the  reeist&Dce  of  the  air,  bat  is  in  the  hisbeat  degree 
unsatiafutory  for  Btabilit;  ;  if  one  allowg  an  arched  piece  of 
paper^aay  a  Battish  cone  or  a  piece  of  a  cylindrical  ii»nt«l — 
to  fall  with  the  coacave  side  facing  downwudB,  it  tnnu  right 
over.  The  parachute  is  prevented  from  doing  thia  by  the  deep 
position  of  its  centre  of  gravity,  bat  it  tilts  sharply  to  the  nde, 
causing  great  vibration. 

The  fall  will  be  ateadler  if  an  opening  is  made  in  the  centra  ; 
an  arched  Burfacc  oscillates  and  tends  to  tnm  so  that  tbe 
ooDvei  aide  ia  below,  but  it  falls  straighter  and  not  more 
ramdly  than  without  the  hole. 

The  faults  of  a  parachute  may  be  illustrated  by  tome 
oharacteriatic  mishaps.  Ledet  met  his  death  owing  to  hip 
parachnte  failing  to  open  ;  Cocking,  who  used  a  oonicu-shaped 
parachnte,  met  his  death  on  27th  Jnly  18S7,  because,  owtug 
to  a  break  in  some  part  of  the  apparatus,  the  car  turned 
over  several  times  in  the  air,  and  he  was  thrown  out ;  Stella 
Robin  lost  her  life  because  she  remained  hangiiig  without 
protection  under  tbe  ahade,  while  the  puvchnt«  bnmped 
violently  several  timea  owing  t«  the  atrong  wind  ;  and  LeroDS 
lost  Mb  by  being  carried  by  the  wind  over  the  sea.  All  four 
accidents  could  have  been  prevented  by  nsing  the  gliding  or 
rotary  foil  instead  of  the  hovering  fall. 

Bargrave  kites,  broken  loose,  have  more  than  once  brought 
instruments  in  their  interior  to  the  gronnd  undamaged,  from  a 

heightof  1  t«2  hm.,  bya  gliding  fall.     Their'- ' 

situated  in  the  position  shown  in  fig.  &3. 


owing  to  its  stretched  fabric  surface,  can  be  steered  well,  and 
by  altering  the  position  of  tbe  centre  of  gravity  its  gliding,  and 
eB)>eGially  also  its  lauding,  can  be  regulated. 

Still  better  than  the  gliding  descent  is,  in  all  probability, 
the  rotary  fall,  which  up  to  the  present  has  never  been  applied. 
We  cannot  yet  say  definitely  if  a  parachute  depending  on  this 
principle  would  be  safe  to  carry  a  man  (although  for  small  light 

iilates  it  is  tbe  steadiest  and  slowest  of  all  descents),  since  the 
all  of  large  plates  has  net  yet  been  investigated.  Sheets  of 
paper,  on  account  of  bending,  do  not  show  regular  rotation  if 
their  smallest  diameUr  is  greater  than  8  cm. 

AsBiuning  that  large  plates  also,  possessing  the  necessary 
stiffness  and  lightness,  would  show  a  stable  lotaiy  fall,  the 
following  scheme  for  a  rotaiy  parachute  might  be  possible. 
(Fig.  68;  A  is  apian,  Ban  Mevation.)  A  model  of  this  form 
was  shown  at  Berlin  before  tbe  Conference  of  the  International 
Aeronautioal  Commission  in  Hay  1S02, 

The  fabric  anrfacee  stretched  on  a  stiff  frame  of  cane  and 
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wood  oompriae  two  BimilsT  halves  ff,  whicli  are  bounded  on 
the  ianer  aide  b;  strong  rods  dA,  to  which  the  hoop  t  ii 
•tCoohed  ;  this  lemiins  horizontal  daring  the  rotation  of  the 
BOrfaceB  //  about  the  long  ozis.  The  passenger  sits  in  the 
hoop,  not  under,  bat  in  t£e  plane  of//.  The  whole  is  kept 
rigid  by  struts  is  and  wires  &oni  theee  to  the  rim  ;  is  and 
dd  are  also  connected  together  by  verUcal  fabric  snr&ces 
which  serre  to  prevent  a  sideways  gliding.  Dimensioiis, 
breadth  6  metres,  length  19^  metres  (of  which  1^  metres  is 
in  the  central  open  space).  The  sorfaces  //  have  an  area  of 
about  100  sq.  m.  Since  in  a  rotary  descent  the  rotary 
motion  takes  plaoe  at  the  expense  of  the  tronslatory  motion, 
the   velocity   of  descent  may   be  further  diminished  by  ths 


dd 


.— Koeppen' 


paasen^  increasing  the  rotation  b^  personal  work  (iocreasing 
the  reeietance  of  the  air  by  increasing  the  mass  of  air  moved). 
An  alteration   of   the   azimuth    of   the   movement   is   easily 


attained  by  raising  a  rib  (a),  parallel  to  the  axis  of  rotaijon, 
on  the  edge  of  the  right  or  left  wing— see  /.  A.  M.,  1901, 
p.  1G7.  It  is  also  shown  in  the  artick  quoted,  how,  by  the 
addition  of  an  impntee  directed  obliquely  upvrards  of  the 
'— -'j  magnitude  of  its  own  weight,   the  obliqu     *" 


.J  the  apparatne  may  be  converted  into  an  equally  slow 
horizontal  movement.  As  to  whether  it  will  be  advantageous 
to  break  up  the  rotating  surface  into  several  parts  above 
or  behind  one  another,  experiment  only  can  prove  ;  at  all 
erents  every  part  must  b«  coupled  together  by  cianka,  etc., 
in  order  that  they  may  remain  parallel  t^  one  another.  Bv 
moving  the  position  of  tne  centre  of  gravity  c  forwards  towards 
A,  we  get  a  gliding  fall  instead  of  a  rotary  descent ;  h  may 
•errs  as  horizontal  rodder  or  helm. 
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CHAPTER  VI. 

ON  BALLOONXNO. 

Bt  Majob  H.  W.  L.  MOEDEBECE, 

Majw  Ufld  BolaOfdiM  CainmomEflir  im  BadiKltra  PuunTtiaerle 

RigiiMnl,  So.  14. 

A.— THE  THEORETICAL   PRINCIPLES 
OF  BALLOONING. 

9  1.  THE  BALLOON. 

Wb  must  distiliguilill  betwesD  foil  ballaons  or  ballooiu  filled 
out  ti|;htl;  with  gfis,  flabbj  or  partiallj  ia&aXrA  ballooni, 
"strained,"  and  Menanier  baUoona. 

A  full  balloon  ascends  with  constant  volume,  but  dinuulshiug 
weight,  the  tail  being  left  open. 

A  flabby  ballixin  ascends  with  oonstaut  weight  and  incnating 
volume  until  the  gas  has  sipanded  ao  a«  to  occupy  the  whole 
Tolume  possible,  after  which  it  behaves  m  a  fall  balloon. 

Each  type  obeys  certain  laws.  Since  every  full  balloon 
becomes  a  flabby  balloon  during  the  descent,  the  laws  relating 
to  both  forma  come  into  coiuideration  daring  every  ascent. 

The  "strained  "  balloon,  ascending  with  constant  volume  and 
weight,  is  of  puiely  theoretical  interest.  We  can  imagine  it  as 
a  full  balloon  closed  by  a  safety  valve,  which  behaves  as  an 
ordinary  full  balloon  every  time  the  excess  interior  pressure  has 
attained  auch  a  value  aa  to  cause  the  valve  to  open. 

Finally  we  may  mention  the  Meusnier  balloon,  in  which  both 
the  volume  and  weight  alter  during  the  vertical  motion. 

This  wa  could  imagine  to  occur  if  we  had  a  double  balloon 
eovering,  the  air  in  the  intervening  space  being  compressed  or 
flowed  to  flow  out  aa  desired. 

§  2.  THE  BUOXAHOT  OB  UFI. 

(a)  Foil  ballooiu. — Since  ths  volume  remains  eonatant  we 

will  take  the  unit  of  voluine=l   cb.   m,   aa  the  basis  of  oar 
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Let  p  -  tlie  pressure,  T= the  absolute  temperatarc  =  273 -I- 1°  C. , 

p  =  the  dansitj  (».«.  uiid«i  pressure  p  and  temperature  ()  in 
kilograms  per  cb.  m.,  B=the  ^s  ootutant  (q/*.  Chftpter  J.,  A, 
g  2)  for  sir,  and  the  corresponding  letters,  with  dashes,  for  the 
jl/u,  then  w«  may  write  the  gM  equation  thus : 

(lo)  P  =  RT,  and  (IS)  4  =  KT. 

The  specific  sravitj,  >,  of  a 
ratio  of  the  weishts  of  equal  vl 
tba  some  ;i  and  T. 


The  lift  0 
of  the  air 
ofgaj 

(8)  i.  =  p-p'. 

whence  we  obtain,  applying  formuln  (la)  and  (lb) : 

1=  P £_ 

RT    ET' 
Since  the  gaa  and  air  are  at  the  same  pressure  (eicept  in  t 
case  of  "strained"  or  Meusnier  balloons),  we  bare 

j-y. 

Bemambeiing  this,  we  can  expresB  tbe  buOTanej  BS  foUoWB ; 
BTV       S^r 


«>  . 


.,(.-4). 


The  normal  bmtya'oeji  of  a  balloon  is  the  buoyancy  when  both 
the  gas  and  air  ore  at  tbe  same  tempentare,  1=0°  C.  (Tg),  and 
under  the  same  pressure,  p  =  760  nun.  The  weight  of  1  eb.  m. 
air  under  these  conditions 

p  =  l-2»3kg,, 
and  tbe  normal  buoyancy 

(B)  jl,™'=l-293(l-»)kg. 

,  id  Chapter  I.,  B,  j  10)  of  the 
f  purity,  01  oomposition.  For 
tion  of  sulphurio  add  on  iron, 

r=o-r2.    ■  " 

We  will  take  the  mean  values  of  the  normal  buoyancy  of 
1  cb.  m.  hydrogett=l'l  kg. 
1  cb.  m.  coal  gss=0'7  kg. 

Goosle 


Tbe  specific  gravity  (c/.  Table  T. ,  and  CI 
gas  depends  on  its  degree  of  purity, 
Ejdrogen,  prepared  by  the  action  of  s 
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The   "height -factor"  n=—  is  tho  quotdent  of  the  two 
? 
presBDres.     From  the  barometric  height  fonnula 

A-A,=:18,400(l  +  B()log„^, 
P 
or  =   8000  (l+B/)log  i?2, 

P 
the  differeaoo  in  sU  "  normal "  hdgbti  is  determined,  when  we 
sssame  that  the  msBD  temperatare  between  A  and  A,  ia  0*,  i.t. 
t  =  0.  We  designate  as  the  jiormal  htight  of  a  balloon,  the 
height  which  it  woald  attain  assuming  Uiat  both  air  and  ga* 
were  alwaya  at  a  temperature  of  0°. 

The  height  factoiB  given  in  Table  XV.  enable  the  calcolation 
to  be  dispensed  with.  The  normal  heighta  corRepondiug  to 
height  factora  of  from  n  =  l  to  n^ie,  or  for  the  qnotdenta  from 

,1  "in.""'™' "•■'•'"- 

Oaloolation  of  the  normal  height  of  a  balloon.  ~lf  the 

volnme  of  the  balloon^V  ob.  m.,  and  the  total  weight  of  the 
balloon  —  G  kg. ,  a  position  of  equilibrimn  is  attained  when 
A,''V  =  G. 
Now  Ay=^, 


and  the  normal  height  =  18,4O0  log  n,  so  that  we  can  apply 
Table  XV.  directly. 
BMm^iiel.— V^lSOOcb.  m.,  G=700kg.,  A,'"  =  0-7  kg.. 


whence  from  Table  XV.  the  normal  height=20B7  m. 

Google 
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tr  the  niMui  tuupentnra  ot  th«  oolnnin  of  air  were  (*,  (ha 
height  reached  would  be  iucrewed  by  0*0036961  or  ^--  of  its 
aomul  valne,  which  nay  b«  utmned  vrith  safficient  accorsoj 

uugut  reacneu  ih 

whence  the  total  height  is  rougbl;  21G4  m. 

(i)  FUbby  balloons.— Sisoe  in  thia  case  the  weight  remains 
constant  and  the  Tolume  alters,  we  will  oasume  as  unit  the  unit 
of  weight 

At  any  temperature  and  pressure  1  ob.  m.  of  gas  weighs 
p'  kg.,  or  1  kg.  occupies  a  volume  of  -,  cb.  m.  If  the  volume 
OMupied  were  filled  with  air  under  the  some  oonditioiie,  the 
weight  would  be  t.  kg.     The  normal  buoyancy  of  1  kg.  of  the 

gu  (the  temperatnie  of  the  air  and-  gas  being  the  Mime)  is 
given  by 

(>)  V- 


and  is  therefore  independent  of  the  pressure  and  henoe  of  the 
height. 

If  the  balloon  contains  Q  kg,  gas  its  normal  buoyancy 

{»)  =.5-(l-s)kg., 

or,  expressed  in  words,  a  partially  filled  aaeending  baUoon,  at 
tuell  at  every  dttcending  ballocm,  moves  with  a  eomlani  bu/oyaHcg, 
»o  long  aa  lot  temperature  of  tht  gat  rtmaint  the  tarn*  at  that  of 
the  turrounditu  air. 

DetermioatiOD  of  tha  height  at  which  the  balloon  bacomaa 
full.  — If  at  a  height  A]  the  volume  of  the  gas  occupies  an  >»ith 
part  of  the  volume  of  the  balloon,  and  we  require  the  height  \ 


THB   THBORITIOAI.  FBINOIPLIIB  OP  BALLOONIIia      171 

at  which  it  will  oeciipya  Toliime= —  of  tht  rolutne  of  the 

Imllooii,  WB  find  the  height  factor 

m,' 
uid  take  from  Table  XV.  the  oorresponding  differenoa  in  height* 

^mnplt  8. — A  balloon  faai  a  yolnme  of  ISOO  cb.  m.,  and  ia 
filled  with  SOO  cb,  m,  gas,  how  high  miut  it  uceud  before  it 
becomea  foil  1 


_1800. 


1  '63.     Height  difTerenoe  =  SS£4  m. 


Example  i, — The  balloon  has  a  volume  of  1800  cb.  m.,  and  ia 
filled  with  800  cb.  m.  gu.  At  what  height  will  the  gas  oeenpy 
a  Tolome  of  1000  cb.  m.  t 

n  =  ^  =  l-26.     Haigbt=1782m. 

We  oon  ealcnlate  also,  with  the  help  of  the  hei^t  laetora, 
how  great  the  Tolume  of  gae  will  be  when  we  desoend  from  a 
height  A,  to  a  lower  height  hi, 


where  n  Teprewnta  a  new  height  factor  formed  bj  tbe  quotient 


ScampU  G. — A  full  balloon  of  1300  cb.  m.  capacity  ainb  from 
a  height  of  8S64  m.  to  a  height  of  1S90  m.  ;  what  rolume  of  gae 
will  it  oontaia  at  the  lower  heights 

For  ;^  =  8854  m.,ni,,  =  1-62 

„  A,  =  13B0di.,  n;4  =  l-ie; 


If  the  ootiul  height  iaotor  oorraipoiiding  to  the  par- 
tionlar  he^ht  is  not  given  in  Table  3.Y.,  it  msj  be  found  by 
iatarpolatwn. 

MeampU  8. — A  full  balloon  of  1800  cb.  m.  capooitj  sinka  torn 
a  height  of  8884  m.  to  a  height  of  1000  m.  ;  what  volanu  of 
gH  wUl  it  eoateJn  at  the  low«r  level  1 
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nis  =  l'e2forS85im. 
n  =  l-H  ,.  1047  „ 
n  =  l-18  „     »77  „ 

Difference        O'Ol   „       70  „ 
0-001  for  7  m. 
1000-»77  =  2Sni. 


therefore  the  height  tactor  for  1000  m. 

»ta.^l-18  +  (8x0'001) 
=  1'133 
.^A  V.  _180O_1S00j<1-133_™,   , 


S  S.  DISTUBBANOES  OOODKEUNa  IN  THE  FOStTIOir 
OF  BQUILIBBIDM. 

Every  balloon  is  in  a,  position  of  equilibriam  with  the  air 
amrounding  it  fiom  the  moment  when  it  ceaees  to  ascend.  It 
is  bound  to  remain  at  this  height  provided  that  no  digtarbancea 
occur  ia  the  coarse  of  time  to  alter  the  equilibriam.  Fighting 
a^inat  these  diBtnrbauces  of  equilibrium  is,  howeTsr,  one  of 
the  chief  difficulties  of  the  aeronaut.  The  causes  of  the  dis- 
turbances are  numerous.     Wa  have^ 

(a)  Disturbauoea  depending  on  the  material, —The  balloon 
material  as  such  must  be  perfectly  gas-tight.  Leaks  are 
particularly  apt  to  occur  at  the  seaToa,  and  the  number  of  seams 
should  be  made  as  Email  as  possible  by  using  a  special  constnio- 
tion  (q/:  Chapter  IV.,  p.  108,  D.  R.  P.  Finsterwalder). 

Old  matonal  has  often  numerous  sinall  defects.  The  diaturb- 
auces  of  the  equilibrium  arising  from  this  cause  cannot  be 
ascertained  during  the  trip.  A  balloon  may  be,  however, 
tested  for  general  tightness  by  comparing  its  loss  of  buoyancy 
in  a  given  time  with  the  loss  of  buoyancy  on  previous  occasions 
oi  with  the  loss  of  buoyancy  of  similar  halloona. 

(t)  Altentiona  in  the  eqnilibriom  due  to  diitnibanoes 
mada  volnntarlly, — Such  disturbances  may  be  due  to  ballast 
being  thrown  out,  or  to  gas  being  let  out  of  the  balloon.  The 
■mount  of  hallast  which  must  he  thrown  out  in  order  to  reach 


THE  THEOKBTICAL   FBIK01PLE8   OF   BALLOONING      173 

A  certain  position  of  eqnUibritim  can  be  accuraUly  detenninsd 
by  calculation. 

Aesuming  tbat  we  start  from  the  normal  heisbt  h,  attainable 
b;  the  balloon,  aod  vbicb  is  determined  by  the  oeignt  factor 


where  0  comprisea  both  the  constant  and  rariabls  (ballast) 
weight  carried,  then  if  we  diminish  tiie  total  weight  Q  by 
throning  out  a  weight  of  ballast  g",  we  can  attain  a  new  height 
h,  gJTen  by 

In  order  to  ascert^n  what  amonut  of  ballast  must  be  thrown 
out  to  ascend  from  a  height  A]  to  a  height  Aj,  we  form  a  new 
height  &ctor  n=^ . 
"a 

t^absbtatiug  the  above  valaes  we  get 

-_'']_G-g'^i  ..  g* 
nj~    G  G' 

and  the  distance  ascended  is  given  by 

(11)  A,-*,  =  18,4001og(l-^), 

or  oaing  natnral  logarithms 

A,-A,=80001og,(l-^| 

whence,  assuming  that  the  ballast  thrown  oat  is  only  a  small 
fraction  (under  10  per  cent.)  of  the  total  weight,  we  get  the 
fundamental  fonnula  for  the  action  of  ballast, 

A,-A-=aA  =  8000?'. 


(10) 


(12)  A,-Aj= 

This  important  law  relating  to  the  action  of  ballast  has  been 
stated  thus  by  Emden  (/.  A.  M.,  1901,  p.  80)  :— 

Every  balloon  atccnda  80  metre)  each  lime  we  diminish  it> 
vniglU  by  1  per  cent. ,  quite  iiidependently  of  its  volume,  of  ill 
total  loeight,  of  the  gas  vxd,  or  of  itt  height  aiove  the  ground 
viken  the  ballast  i$  east  out. 

Thus  if  we  know  the  weight  /  of  each  bag  of  ballast  carried, 
and  the  total  weight  G  of  the  balloon  before  the  aacent,  we  can 
easily  calculate,  with  the  aid  of  the  above  formula  (12),  how 
high  the  balloon  will  ascend  each  time  a  bag  of  ballast  is 
thrown  ont. 
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cannot,  of  oi   .     .  „ 

pncdul  iiDportauce.  The  th«OTatical  inreatifiatioQ  cui  \ . 
developed  from  the  rocmula  for  the  flowofgue«(c/rciiftpteTl.,A. 
g  11).  The  flow  of  gaa  depondB,  moreover,  on  the  peraliaritiBB 
of  the  Tftlve,  and  on  the  time  and  amoant  it  is  opened,  and  on 
the  specific  gravity  of  the  gaa. 

For  a  amall   ezcsss  pressure  Pi~p,   Emdan  enqiloyed  tha 
following  formula  for  the  Telocity  of  outflow  of  gas :— 


,-.^2Hf 


irhere  a  represents  the  Newtoni&n  velocitj  of  sonnd,  the  value 
of  which  for  air  at  0°  C.  —  280  m,  /sec. ,  while  for  difisreut  gases 
Vkt  velocity  varies  inversely  as  the  square  root  of  the  denaity. 
Binoe  ^  is   very   nearly    1,    log  ^  =  =^  where    ^p=Vi-p: 

P  P      P 

hence  we  get  the  formula ; 


„.,         .-5v|w« 


Wlen  the  outflow  occurs  under  a  barometrio  pressore  of  about 
7SO-740  mm.,  Emden  sets  j7slO,000=:100*  mm.  mtw  and 
arrivea  at  the  following  practical  formula  : — 

where  &p  is  the  diOerence  of  pressure  expressed  in  millimetres 
of  water,  and  »  ia  the  apecific  gravity.  At  1°  C.  we  most 
multiply  by  »/l  +  a*- 

V  decreases  rapidly  with  the  impurity  of  the  sa«  and  with 
the  increase  of  rate  of  escape,  and  increases  with  the  height, 
(i.  A.  M.,  1902,  I.) 

(c)  DiatDrbanoes  arising  from  iuTolnAtMy  alteratloni  in 
weight.  — These  are  due  to  deposits  of  moisture  on  the  balloon 
material  and  their  evaporation,  also  to  diflerences  of  tonpera- 
ture  between  the  gas  and  the  displaced  sir. 

Atmospheric  deposits — dew,  hoar  frost,  lain,  slMt,  hail,  and 
snow — add  a  weight,  which  cannot  be  calculated,  to  the  balloon, 
and  one  which  may,  under  certain  circumstancet,  stop  the 
ascent.  On  the  other  hand,  a  wet  balloon  beoomea  lightar 
automatically  in  good  weather,  and  rises  steadily  —  '~  " 
moment  when  the  evaporation  of  the  deposited 

Deposits  of  moistuni  on  the  inner  surfaoe  of  the  envelope  omot 
in  consequence  of  condensation  taking  place  when  the  oonpan- 
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tiTBly  wann  damp  g 
the  cool  Borbce.  T 
Uttle  practical  importance. 

DifferenceiB  of  t«mperaturs  betWMD  th«  air  and  ga«  oocnr 
during  all  asoenta,  on  account  of  the  sun's  ladiation  ;  thej  are 
particularly  diaturbing  if  BUQsbine  and  ihodow  occur  mter- 
mittently. 

Suppose  tke  ^  to  be  at  a  temperatur«  Af  higher  than  that 
of  the  BiuTQundmf;  air.     at  =  ^  -I, 

The  true  height  of  the  balloon  ie  given  by 


(16)  Vi=Ao-8l>00<.i  +  8000-i-. 


f-( 
'  27S  +  (" 
where  A,  is  the  normal  height. 
Since  SOOOa  =  SOOO  x  O'OOSSeB  =  2G  -i,  Emden  givM  the  follow- 

Z7i<  h^ht  oftvery  balloon  alUra  by  an  amount  ±29*i  metre! 
[roughly  30  nCetrei),  whenever  Ike  lemperainre  of  the  air  deertatei 
or  innreoHt  1°  C,  indtpendenily  of  it*  rixe,  wtight,  gat,  or 
height,  at  long  at  the  ballion  is  a  full  one. 

The  lift  of  the  balliMin  alters  by  the  following  amonnt  (see 
formuU  IS) :— 

(IB)  ^  =  ttQ; 

Le.  Every  aiteration  in  Olt  ttm^trtUnrt  Itf  Oi»  air  of  1'  O. 
altert  the  mommtaty  lift  of  a  balloon  f>'i  per  cent,  in  anoppetUe 
teaee,  imdepeTidtnliy  of  itt  tite,  weight,  height,  or  gat,  to  long 

The  influence  of  radiatian  on  the  gu  come*  into  aoeonnt  in 
the  last  term  of  formula  (16).  The  ipecifio  gmvity  of  Uie  gM 
enters  into  this  term.     Now 

-£_=0-77    when(=0'43G,  ooalgaa(in  Unnioh), 
=0-138 
=  0  075 

If  we  takeT=SOO°,  which  we  may  da  with  Bafficientaecniao;, 
we  get 

AA  =  20-6(('-i)forooalgas, 

=  3'3  (('-()  for  impure  hydrogen, 
=  3     (!'-()  for  pure  hydrogen  ; 
tff,  expressed  in  words : 

The  heighl  of  afvil  balloon  of  any  tixe  or  }eeight  aUen  20*5 
metres  for  eoai  gat  ballomit,  or  2-3  mttresfor  hydrogen  UiUoiint, 
at  any  height,  whenmeT  iht  temperature  difference  bettoeai  the 
gat  and  the  turrwnding  air  altera  1°  C. 
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or  if  ws  set  T*  =300°  u  before,  ve  have 

9' =  0-0020    G(C-0  for  ooftl-gu  balloons, 
=  0-0004    Q  (f  - 1)  for  hydrogen  ballooDB, 
=  0-00028  6  {('-()  for  pure  hydrogen  balloons, 
or  eipressed  in  words : 

An  aUeratitm  in  Hie  temperaturt  of  the  gat  rff  l"  C.  alt»n  the 
li/t  of  a  coal-gaa  balloon  \  per  cent,  an^  IMt  of  a  hydrogm 
bailoim  J^  per  cent,  {for  pure  hydrogen). 


%  i.  ATHOSFHEBIO  ELECTBIOITY. 

Nnmerans  electric  disclitirges  occur  from  bslloous  on  landing, 
and  may  easily  become  a  sonrce  of  danger  from  fire.  The  canses 
of  these  dischargee  have  been  investigated  by  Borastein,  Ebert, 
Volkmann,  iiarkiaild,  and  de  it  Soi ;  their  researches  hare 
led  to  the  following  conclusions,  to  be  accepted  only  provision- 
ally until  further  researches  have  beeo  carried  out. 

The  electrical  charge  on  a  balloon  may  be  due  to  any  of  the 
four  following  possibilities: — 

1.  The  Modon  of  theenvslope  outheaetorgmimd. — The 
envelope  becomee  negatively  and  the  net  positively  charged. 
The  net  rapidly  loses  its  charge  by  radiation  from  its  threads. 

2.  Oasting  out  of  ballaat.—Ebert  discovered  that  a  balloon 
became  positively  charged  by  the  friction  of  the  outflowing 
sand  aeamat  the  outer  wall  of  the  car. 

'\,  ^t«ratIoii  in  the  position  of  the  balloon  by  the  balloon 


The  quantities  of  electricity  present  in  ditferent  parts  of  the 
balloon  alter  relatively  to  one  another  and  to  the  negative 
electricity  on  the  earth's  surface.  The  alterations  in  the  tem- 
porary positions  of  the  parts  tend  to  alter  the  distribution  of 
electricity. 

Id  prolonged  voyages  in  sunshine  the  envelope  and  network 
set  dried  and  become  worse  conductors,  so  that  Ugh  potential 
differences  are  set  up,  which  may  lead  to  spark  discharttes. 

4.  DUohargee  from  the  tearing  rope. — These  disebarges, 
in  the  case  of  rubbered  balloons,  are  plainly  vieible  in  the  dark. 
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but  ore,  aocordicg  to  present  iavestigationa,  not  a  Bonroe  of 

According  to  FaUemaJm,  the  balloon  charges  ara  due  to  the 
irregularit;   of  the  fall  of  potential ;  and  the  diSeiencea  of 

Sotential  between  hoop,  car,  and  valTos  become  dangerous 
ariog  rapid  alterations  in  the  fall  of  potential  with  height. 
The  greatest  danger,  however,  lies  in  the  valve  not  being  dis- 
charged before  landing. 

On  one  occasion,  owing  to  the  epork  discharge,  always 
observed  at  the  valve,  the  gaa  caught  fire  with  a  dull  rep<^ 
and  burnt  down,  until  the  explosive  mixture  in  the  lower  part 
of  the  balloon,  due  to  the  presence  of  air,  burnt  with  a  loud 
explosion,  firing  simultanaoualy  the  material  of  the  balloon. 
The  interval  of  time  between  the  firing  and  the  detonation  is 


sbortei  with  hydrogen  than  with  coal-gas  fiUine. 

Precautlona  against  spark  discharges.— ^e  method  sug- 
gested by  V.   S^feld,  of  painting  the  envelope  with  a  weSk 


solution  of  cslcium  chloride  to  render  it  a  better  conductor, 
has  proved  inefficient  in  sunny  weather. 

The  use  of  radioactive  materials,  as  suggested  by  Mwkwald, 
which  make  the  air  in  the  neighbourhooda  conductor,  has  also 
proved  worthless. 

The  simplest  method  of  ensuring  safety  consists  in  having  a 
valve  line  of  several  threads  woven  together  with  a  few  strands 
of  thin  copper  wire,  the  conductivity  of  this  rope  remaining 
unimpaired  even  when  the  lloe  ia  stretched.  Before  each 
ascent,  the  conductivity  of  the  line  must  he  tested,  and  the 
metal  strands  must  be  fastened  to  the  metal  of  the  valve,  and 
the  valve  rope  raust  be  held  in  the  hand  {cf.  Bomatein,  Z.  f.  L., 
1893,  No.  10;  Tuma,  £er.  d.  IViener  Akad.  d.  W.,  Ila.  108, 
18BB;  Ebert,  /.  A.  M.,  IBOO,  1901;  Links,  I.  A.  M.,  1902; 
Bornstein,  "Die  Luftelektricitat "  in  Asamann  and  Berson's, 
WUtepxi^filicKe  Luflfahrten,  ISOO ;  Bomstein,  "  Berichte 
iiber  der  Mbglichkeit  elektriaeben  Entladungen, "  I.  A.  M., 
1903,  12  ;  Volkmann,  "  Uber  die  Bedingnpgen  nnter  denen  die 
elektrische  Ladung  einea  Lnftballons  za  seiner  Zuudung  fjihren 
kann,"  I.  A.  M.,  1804;  Volkmann,  "  Ober  die  Bedinpmgen 
unter  denen  die  Ortsver^ndemng  eiues  Ballons  elektrische  Irild- 
nugen  auf  ihm  hervorbringen  kann  "). 


1 5,  IHE  WIND. 

The  direction  and  velocity  of  the  horizontal  flight  is  deter- 
mined by  the  wind ;  this  can  only  be  detected  by  the  observers 
in  a  manned  balloon,  when  the  balloon  enters  a  stratum  of  air  in 
wtuoh  the  wind  differs  in  direction  ttora  the  stratum  surround- 

12 
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log  ths  car,  or.  nndar  oartain  oonditions,  in  ths  ueiglibtraThood 
of,  and  iti,  clouds, 

Eiwpt  under  thew  cdrcomBtancea  the  wind  can  only  be 
detected  by  noCing  the  continnal  alteration  of  the  land  below. 
In  the  heights  at  which  b  manned  beJloon  ueually  travels, 
1000-8000  metres,  the  direction  of  the  wind  generally  follows 
the  direction  of  the  iaobara.  This  is  especiaUy  the  case  on 
entering  a  region  of  low  preasure.  When  anticyclonic  oondi- 
tiOQB  pievail,  and  there  are  only  weak  breezes,  the  direction  of 
travel  is  often  very  indefinite  and  frequently  altere. 

Columns  of  ascending  and  descending  air  may  be  traced  to 
local  caneea,  and  form,  therefore,  disturlwnces  limited  in 
extent ;  these  can  only  affect  the  motion  of  the  balloon  either 
through  the  lou  of  gas  cansed  by  the  ascent  of  the  balloon 
iu  an  upward  current,  or  by  the  cooling  of  the  gas  when  the 
balloon  enters  into  a  n^on  in  whiob  the  column  of  air  is  a 
descending  one. 


i  a.  FSOLONOED  VOTAQEBl 

Prolonged  voyages  form  the  fonndatdon  for  the  technique  of 
ballooning,  since  they  necessitate  the  least  use  of  material 
(ballast  and  gas),  and  oonsequently   need    the  most   oaretui 


The  following  are  fundamental  rales  : — 

1.  The  inflated  balloon  must  be  held  as  low  as  possible  at  the 

2.  Keep  the  balloon  out  of  the  influence  of  the  bud's  radiation 

as  long  as  possible. 
8.  Kemain  floating  as  long  as  poesible  on  cloud  stratA. 

4,  Pwvent  all  voluntaly  loss  of  gaa  throngh  opening  valves. 

5,  Avoid  all  unaeceseary  loss  of  ballast. 

6,  Keep  the  balloon  quite  full. 

By  following  these  rales  the  balloon  continues  in  an  ascend- 
ing straight  Ime,  inclined  at  a  lesser  or  greater  angle,  np 
to  the  maximum  height  (until  the  materials  are  exhausted), 
given  by  the  formula  (12). 

The  saving  of  material  may  be  still  greater  if  the  following 
recommendations  due  to  Voyer  {S.  d.  VAi.,  tome  viii.,  1001) 
ate  adopted  in  the  construction^ 

1.   Precautions  against  deposits  of  water  : 

(a)  A  better -arranged  form  for  the  upper  h^mispheni  of 

the  balloon  so  that  the  water  may  drain  off. 
(6)  A  roof  above  the  valve,  to  shelter  it  from  rain. 
\fi)  A  rein-dripping  band  around  the  equator. 
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(d)  The  prot«ctton  of  ths  net  bj  a  net  oorenng  of  tanonOi 

waterproof  material  (ef.   Gnf  v.   Zeppelin'a  Air- 

2.  PrecaDtiom  agaiast  distuibancea  of  equilibriam  b;  the 

aun's  radiation : 
(a)  Air  rentilatioD  betveeii  the  balloon  and  net  covering 

(cf,  Graf  V,  Zeppelin's  Air-ship). 
(6)  Painting  the  net  covering  white. 

3.  Precautions  ^r  keeping  the  balloon  full : 

(a)  Conetraction  of  balloon  with  hallimet  and  valve  (^. 
Chapter  IV.,  g  26}. 

Many  causes  tending  to  shorten  the  voyage  may  be  avoided 
by  startine  at  sunset  and  travelling  in  the  night, 

Unge  of  Stockholm  had  a  halloon  built  especially  designed 
for  long  voyages  and  embodying  ths  above  suggestions.  He 
died  on  April  23id,  1904,  before  the  trials  were  completed. 
(/.^.Jf.,  1802  and  1904.) 

The  following  list  of  reconuueudationB,  in  part  adojited  and 
in  part  propoMd,  for  aeronautical  soientlflo  work,  boa  been 
diawQ  up  by  Voyer  ;— 

1.  Lifting  screws. 

2.  Heating  the  balloon  gas. 

3.  Combination  with  a  Moutgolfier. 
t.  A  ballonet  with  warm  air. 

6.  Auiiliary  balloons  full  of  gas  (compmaUuT  A  gm),  and 

auxiliary  balloons  full  of  otr  (eamptJitaitur  i  air). 
6.  A  ballonet  with  steam. 

We  ore  led  to  the  conclusion  that,  of  these,  only  the  following 
suggestions  are  practicable: — 

1.  The  balloiul  with  warm  air  (I). 

2.  Lifting  screws  (1). 

8.  Warming  the  ^  by  steam. 


Let  the  different  lifting  powers  be  Aj^*  and  a,'*.  Then  the 
normal  haighte  ate  given  by  the  corresponding  height  factora 
n,  and  «f  from  the  equations : 

The  difTerenoe  of  the  two  heights  ma^  be  found  by  forming  a 
new  height  factor  »  =  njn^ ,  which  is  given  by 
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Whence  tlie  differeuea  in  the  maxuntRD  heights 
(IS)  AA  =  lS,100  1ogn  =  18,4001og^. 

The  difference  tn  (At  allUudet  reaehid  by  egwd  and  equally 
loaded  balloons  infialed  luUh  different  gasee  depeiuU  only  OH  Ihe 
nature  of  the  gases  empioyed  and  not  tm  Ike  sixes  or  weights  of 
the  balloons  (neglecting  temptralure  infltiences). 

Eseamplel.—      V  =  1300cb.  m.,  G  =  700  kg., 

Hydtc^eii,  «=012,  Ao™=l-14  kg.. 

Coal  gas,    «=0'136,  a^^d-litg., 

n-\-—  =  \h6i,  corresponding  to  iA=8583  in.; 

that  is,  an;  hydrogen  balloon  will  ascend  8G60  m.  highar  than 
an  exactly  similar  and  equally  loaded  coal-gaa  balloon. 
For  chemically  pure  hydrogen 

j  =  0-09it,  A,™'  =  l-2, 

n=i^=ia42,  AA=3mni., 

■0  that  the  dJCTerencfl  in  height  for  pore  hydrogen  =  8970  m. 


g  8.  THE  BEHAVTOITB  OF  SIFFEEENT-SIZED  BALLOOKB 
DtFLATED  WITH  THE  SAME  0A8,  AJTD  EQUALLY 
LOADED. 


The  difference  in  height  can  be  obtained  from  the  new  height 
fkctor  n=Jb,  =  J-l  ;  whence 
"a     V, 

A,-S,  =  18,4001ogB  =  18,4001og^. 

The  differtam  in  the  altitudes  reached  by  balloons  muguai  in 
site  but  equal  in  taeight  and  inflated  vntk  the  same  gas,  depends 
only  on  the  volumes,  and  not  on  the  vieight  or  nature  of  the  gas 
(^negleding  teinperature  effects). 

Examples.—    ¥,  =  1500,    V,=1300, 

m=}45?=l-16i.  whence  AA=lU6in., 

1300  '  ' 

f.oosic 
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§  9.  THE  LDOTIKa  HEIOBT  OF  A  BAIXOOIf. 


If  different  balloons  are  required  to  rise  to  the  same  height,  n 
must  be  nude  the  same  lot  each,  by  suitable  alterations  in  G. 

If  the  balloons  ore  filled  with  the  same  gas,  the  Tslative 
heights  are  determined  by  the  ratio  j;  . 

The  influence  of  tamperature  is  the  same  for  all  balloons 
filled  with  the  same  gas.  We  may  note  that,  using  different 
gases,  balloons  inBated  with  those  having  the  lowest  specific 

Cvity  will  be  least  influenced  by  the  sun's  radiation   (e/. 
nnla  17). 

S  10.  THE  LANDma. 
A  weight  of  ballast  dependine  upon  the  heifflit  and  the 
temperature  difference  must  be  thrown  out  in  oider  to  avoid 
bumping  and  make  the  landing  free  from  danger, 

Emden,  who  first  propounded  a  clear  theory  in  conneetdon 
with  the  landing  (/.  A,  M.,  1900,  p.  86),  distinguishes  between 
brake -ballast,  used  to  decrease  the  rat«  of  descent,  and  landing- 
ballast,  used  ta  effect  the  landing. 

The  brake-ballast  may  be  carried  in  the  form  of  sand  and 
water,  or  of  a  trail  rope. 

If  we  substitute  in  formula  (8)  the  values  for  p  and  p'  from 
formulie  (la)  and  (lb),  we  obtain  : 

Now -5.  =  —,  and  i-  =  l-Hii.A/,  with  a  sufficient  degree  of 

accuracy,  where  AC—l'-t,  i.t.  the  difference  of  temperature 
between  the  gas  and  air.  Substituting  these  values  we  obtain 
the  lift  of  1  kuogram  of  the  gas 
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Tfaa  balloon  ODBtaina  Q  kg.  gas :  tha  lift  of  tha  IwllMft  ia 
tberefore 

(20)  ^(l-,)  +  ,.^4(kg. 

This  lift,  at  the  end  of  the  ascent  with  a  temperaton 
difference  &(,  is  eqoftl  to  the  weight  of  the  balloen  Q,  u  given 
b;  the  formula : 

If  we  imagine  the  balloon  dnwn  down  to  the  ground,  Q  and  » 
are  Karcel;  altered,  if  the  month  Ib  closed,  wheroaa  the 
difference  of  temperature  M  increases,  and  alters  therefore  tiie 
value  of  the  lift  b;  an  amount  ±X.  We  get  then  the 
rjation; 
(II)  -^(l-«)+^At=G-X, 

where  X  is  the  btoke  ballast,  of  which  the  balloon  mnat  be 
lightened  ;  this  ia  obtained  bj  sabtrscting  the  formula  II  from 
I,     We  have  then ; 

Q    - 

(21)  X=by(4'-A?), 

or  X=.^[(?-0 -({-«, 


Whence  we  can  derive  the  following  rules  ;- 

1.  If  equally  large  balloima  attain  Ou  lai 
t?ien  if  the  differcicet  of  lempenUwtl  above  ajid  beiaw  ar*  1A« 
aaTus,  the  ammmt  of  l/rakt  ballast  inhich  miut  be  (Anrunt  out  it 
indepejulent  of  the  hind  of  gat  employed  to  inflate  the  balioont. 

2.  If  the  temperature  difftrencet  art  tht  $ame  above  and 
beUne,  the  tatne  balloon  reqniret  lett  ballait  on  lemdin^  the 
greater  the  Jitightfrom  whieh  it  deacendt. 

Example  d. — The  weight  of  air  -^  can  be  calculated,  knowing 

Uie  volume  of  the  balloou  V. 

T  cb.  m.  air  at  760  mm.  preasure  weigh  1-293  T  kg.  Tha 
matimom  height  h  1b  given  in  the  table  of  height  botcm  a : 


'  BiLLoomsa 


Jg-;.1020kB..l„ 
The  term  a  ^h&e  therefore  the  value 
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T  0-008S66X  1020  =  37  kg.; 


tlutt  ia,  th6  broke  ballast  necessary  in  the  foregoing  ease  in 
8'7  kg.  for  every  degree  of  ali«ration  in  temperature  between 
the  gaa  and  air. 

Unfortanatelj  the  temperature  term,  which  is  the  cause  of 
coneideraUe  variations,  cannot  be  taken  into  account,  since 
only  the  temperatures  of  the  air  t  and  t  are  known,  very  few 
researches  on  the  alterations  in  the  temperature  of  the  gas  having 
been  carried  out  up  to  the  present  time.  In  a  forW-six-bour 
experimental  Journey  on  the  2nd,  3rd  and  4th  of  Kovember 
ItlOl,  von  Sigefeld  found,  using  an  electric  thermometer  of 
Prof.  Elingenberg's,  that,  at  that  time  of  the  year,  no 
difference  of  temperature  existed  between  the  gas  and  the  open 
air  at  8  p.m.  From  that  hour  onwards  the  temperature  of  the 
gas  fell  more  rapidly  than  that  of  the  air,  while,  naturally,  at 
sunrise  the  temperature  of  the  gas  rose  more  quickly  than  that 
of  the  air  owing  to  radiation  from  the  aun.  On  the  4th 
November,  at  10  A.M.,  the  temperatnre  of  the  gas  was  18°  C. 
below  that  of  the  air. 

On  the  11th  Ootobet  1894,  between  1  and  2  p.m.,  at  a  he^ht 
of  1400  metres,  and  just  above  a  layer  of  cloud,  Hermite  and 
Besan;on  found  the  temperature  of  the  gas  to  be  46-47*  C, 
while  the  temperature  of  the  air  was  between  13°  and  IS'.  They 
also  found  a  difference  of  temperature  of  26°  to  27*  at  a  height 
of  from  2SO0  to  2400  metres  on  a  voyage  on  the  Slet  November 
1897  between  1.30  and  8  p.m. 

On  the  voyage  of  the  11th  October  1894  the  temperature 
difference  decreased  in  a  very  short  time  tmta  84*  above  the 
donda  to  21°  on  landing. 

The  above  examples  will  serve  to  show  the  importanee  of 
farther  investigations  in  t^is  direction. 

Emden  nves  the  following  formnla  for  the  influence  of  altef*- 
tions  in   the  temperature  of   the  gas  on  balloons  t '-- 
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flabby.  If  the  temparature  of  the  ms  is  auddenl;  decreased  by 
an  smount  Af*,  then  the  weight  of  Mlltst  which  mnst  be  thrown 
out  to  balance  its  influence  ia 

(22)  X  =  =^4(kg. 

For  tvery  degru  (if  fall  of  tempera^rt  of  IM  got,  the  buoyancy 
of  a  JUiiby  balloon  altera  by  an  amount  —  O'i  per  cent,  qf  the 
wight  of  air  ditplactd,  indtp&ndently  of  the  nature  of  the  gal 
vttd.  Equal  darementa  of  temperatura  have  a  nnalUr  ^eft 
Vu  higher  the  balloon  ia  wlien  they  occur. 

The  landing  ballast  ie  kept  oa  a  reserre  to  be  used  only  at  the 
last  moment,  if  difficulties  arise  owing  to  the  nature  of  the 
ground  or  the  strength  of  the  wind.  The  quantity  necessary 
cannot,  therefore,  be  considered  from  a  theoretical  standpoint. 


K—THE  PRACTICE  OF  BALLOONING. 


%  1.  THE  OONDUOTOB'S  SUTT. 

Investigation  of  the  materials,  more  eepecially  of  the  envelope 
of  the  balloon,  the  valves,  and  the  tearing  arraogemeitts,  to  test 
their  fitness  for  use. 

Every  conductor  should  be  made  fully  awsre  of  hia  responsi- 
bility for  these  being  in  perfect  order. 

The  ropes  must  lie  clear,  and  the  valve  and  tearing  lines 
must  on  no  account  be  twisted. 

8mall  holes  are  easy  to  stop  up  in  a  varnished  balloon  ; 
patches  are  sewn  over  them,  and  at  least  two  coats  of  varnish 
applied. 

In  rubbered  balloons  the  material  near  the  hole  must  be 
cleaned,  and  a  patch  of  the  prepared  material  stuck  on  with 
rubber  solution. 

The  instruments  must  be  collected  together,  including  ba- 
rometer, barograph,  ventilated  psychrometer,  clock,  compass 
needle,  maps  (a  general  map  and  maps  on  a  scale  of  at  least 
1:500,000),  railway  time-table,  labels,  tel^aph  forms,  pass- 
ports (necessary  omy  in  Russia),  knife  with  several  blades,  a 
large  croaabar  [or  the  valve  line,  padlocks  for  the  basket  and 
the  instrument  compartments. 

The  ballast,  when  of  sand,  mnat  be  dry  and  iree  from  stones. 
Iron  filinga  moat  be  sieved.  Water  ballaat  ia  mixed  with 
glycerine,  in  order  to  prevent  freezing. 
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g  2.  INFLATHTO. 

1,  FrepartktoiT  arntngementa. — Inform  the  gas  manufao- 
hirers.  Clear  the  ground  on  the  filling  atation  and  barricade 
it,  if  uecessar;.  Lay  out  the  ground  coverings,  connect  the 
hose  on  to  the  gaa  pipes.  Fill  the  sand  bags  and  place  them 
In  pOBiUon. 

2.  The  inflation.— Lay  the  folded  balloon  on  the  sheet  in 
such  a  manner  that  the  tail  faces  the  eaa-hose. 

(a)  Circiilar  mMod  of  iT^fl/Ui/m. — Unfold  the  material  so  that 
it  forms  a  circle  with  the  valve  in  the  middle,  pull  the  tail  so 
far  towards  the  gas-pipe  that  it  lies  on  the  periphery  of  the 
circle  covered  by  the  balloon  material.  Connect  the  tail  and 
gas-hose  by  means  of  a  suitable  socket,  after  the  valve  and 
tearing  lines  have  been  drawn  out  throogb  the  socket.  Fasten 
the  ring  of  the  tearing  line  in  the  safeW  link.  Make  certain 
that  the  tearing  line  and  valve  lice  lie  perfectly  clear  of 
the  valve.  Fasten  in  the  valve.  Lay  tbe  net  over  the 
whole,  and  spread  it  out  regularly.  Distribute  and  hook  on 
the  sand-bags  (with  the  points  outwards]  around  the  balloon. 

After  the  helpers  have  been  distributed  around  the  balloon, 
one  at  least  holding  on  to  the  tail,  open  the  gas-pipes.  The 
sand-bags  are  hooked  on  to  lower  rows  of  meshes  as  the  filling 

Eroceeds,  on  orders  to  that  effect  being  given.  As  soon  as  the 
illoon  is  half  full  the  number  of  bags  of  b^ast  hung  on  must 
be  doubled. 

See  that  the  meshes  of  the  net  are  kept  in  their  proper  posi- 
tions during  the  inflation,  and  that  all  creases  are  prevented  in 
the  balloon  material. 

When  the  inflation  is  complete,  hook  on  the  hoop  and  car. 
The  latter  must  be  ready,  fitted  up  and  provided  with  ballast. 
Fasten  the  trail  rope  on  the  hoop  bene&th  the  tearing  seam. 
Lay  out  the  rope  in  the  direction  of  the  wind,  or,  where  space 
is  umited,  in  a  ooil.  As  soon  as  the  balloon  is  full,  draw  away 
the  g>S'pipe  and  bind  up  the  filling-hose.  Again  see  that  the 
Talre  and  tearing  lines  are  in  their  right  poaitiaus.  Entrust 
the  ends  of  the  lines  to  a  qualified  person.  Fasten  up  the  tail 
in  each  a  manner  that  it  may  be  easuy  opened  before  the  ascent. 
Hook  the  sand-bags  on  to  the  goose  s  neck  and  paying-ont 
rope.  Place  the  car  under  the  balloon.  Allow  the  baUoon 
to  rise  until  the  hoop  is  above  the  ground.  Crodoally  hook  off 
the  ballast  bags  from  the  ring  and  place  them  in  the  cor. 
Hold  on  to  the  edge  of  the  car  and  the  trail-rope. 

Although  the  innating  proceeds  in  calm  weather,  or  in  a  balloon 
hall,  inthout  difficulty,  sKiUul  direction  and  experienced  aaust- 
ants  ore  required  when  inflating  in  an  open  space  in  windy 
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when  few  uaiatuitB  are  sToilable,  for  Iftrge  baJlooDS,  or  when 
■BVaral  b&lloona  ue  to  b«  inSaCed  aimultAiieousI;. 

The  principal  point  is  to  fold  the  balloon  gores  in  such  a 
manner  that  they  unfold  themeelves  as  the  gas  flows  into  the 
balloon.      The  stnp  far  tearing  must  lie  at  the  top. 

The  balloon  is  laid  on  the  sheet  as  in  method  (a),  except  tliat 
only  a  small  circle  of  materials  is  laid  aronnd  the  Fslve-hole. 
The  valve  and  tearing  lines  must  be  drawn  through  the  balloon 
Vj  a  mtui  creeping  through  it,  and  laid  to  the  right  and  left 
in  gorei  as  far  apart  as  possible.  When  the  tail  haa  been 
eonneeted  to  the  Ulliag  hose,  and  the  valve  placed  in  position, 
A  whole  TOW  of  strings  are  laid  at  certain  distances  apart  around 
Ha  balloon  materia],  and  fastened  together  with  loops.  Above 
thia  the  net  ia  drawn,  bstened,  and  spread  out.  Hook  on  the 
Iwllaat  bags  around  the  circle  and  along  the  gores. 

In  this  method  the  long  section  of  balloon  forms,  as  it 
w«r«,  a  continiuition  of  the  hose  pipe.  The  gore  being  filled 
becomee  lalger  and  larger,  raising  the  cross  bands,  and  it  is 
drawn  towards  the  tail.  Otherwise  the  inflation  proceeds  as 
info). 

In  letting  the  balloon  go,  as  many  assistants  are  required  as 


It  the  inflating,  fastened  t«  earth  anchors  diatribnted  around  the 
filling  ground.  The  arrangements  are  made  in  such  a  manner 
that  each  holding  line  can  be  set  free  after  the  car  of  the 
balloon  hsi  been  weighted. 

(d)  Kite-balloons. — Turn  the  valve  towards  the  wind,  stretch 
out  the  balloon  on  the  sheet.  The  rigging  is  arranged  regnlarly 
on  either  side.  Proceed  as  in  (a).  (Cf.  Extnier- Begl&iaent 
fVr  LuftteMffer,  Berlin,  1803  ;  v.  Tschadi,  Der  UlUerriehl  da 
Lt^ttckiffrrt,  Berlin,  1905). 

{■)  Hot-air  htaUam  (MontgolSers).— Calm  weather  is  necee- 
Hiy.  Hang  the  envelope  between  two  masts  over  tbe  oven.  The 
maats  most  be  comparatively  strong  and  arranged  at  a  suitable 
baight  and  distance  apart 

Trasses  of  straw  or  vine-cuttings  are  used  as  the  fuel  for 
hiiitti"g  the  air,  though  recently  special  ovens  with  petrolenm 
fine  have  been  introdnced. 

(f)  Stiff  ballooKt  and  air-ihipt.—Thh  following  four  methods 
of  inflating  aie  in  use : — 

<a)  The  metal  balloon  is  filled  with  water,  which  is  then 
displaoed  by  gaa^only  applicable  to  ve^  small  balloons. 

(h)  Lead  in   the  gas  to  the  Mgheat  point  of  ths  balloon  by 
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nuani  of  a  tube.  Even  when  inflated  Taiy  ouafullr,  a 
ctrtsin  unomit  of  air  lemaina  mixed  with  the  gas 
(Marev  Mange,  184G,  Mudu  sur  eairodaiion,  Farii, 
18*7). 

<c)  Fill  th«  ipkce  with  a  fabric  ballaon  iuOated  with  air.  Preu 
oat  this  air  InUoon  by  paasiug  gsa  into  the  envelope  of 
th«  ttiff  ballooQ.  In  draving  out  the  auziliaTy  air 
balloon,  sir  enters  the  stiff  envelope  and  spoils  the  gas 
(Bchwaiz,  Berlin,  1»00). 

(<[)  Inflate  an  inner  fabric  balloon,  which  hta  the  stiff  envelope 
perfectly  (Graf  v.  Zeppelin,  1800).  In  inflating  ballooni 
from  cylinders  of  caa,  a  niunber  of  theae  are  placed  to- 
gether on  a  Boitable  waggon.  The  common  tube  net- 
work of  the  syeteni  ia  connected  bj  means  of  a  rubber 
hoM  with   tlie  central  vessel  audT  thenoe  led  to  the 

g  8.  JTZLQmSQ  AND  LEimTO  00. 

The  eondnotor  and  paasangers  take  theii  plaoee  in  the  eu. 
The  tearing  line  and  ralve  line  are  made  fast  to  the  car  or  to 
■  ear  rope,  and  the  tail  rope  ia  hung  through  the  hoop 
and  ftetcned  with  double  knots.  The  trail-rope  is  fastened 
to  the  car.  Ballast  is  removed  from  the  car  until  the 
balloon  will  lift  it.  The  tail  must  then  be  opeued  and  the 
tnil-rope  laid  out.  Again  glance  through  the  mouth  to  see  that 
the  tearme  and  ralve  Tines  hang  correcUy  ;  place  a  ballast  bag 
bf  the  n&  of  the  conductor  and  each  passenger.  The  position 
of  tile  eondnctor  should  be  such  that  he  can  see  the  trail-rope 
and  the  barometer.  The  cammand,  "  I^  go  I"  is  most  con- 
Tauently  given  by  a  person  left  behind  in  charge  on  the  filling 
ground. 

The  conductor  takes  core  that  the  trail-rope  is  raised  bv  the 
balloon,  and  eompenaatea  every  tendency  to  descend  1^  a 
judicial  expenditure  of  ballast- 
In  stormy  weather  the  balloon  must  be  given  considerably 
greater  lift,  and  must  be  let  go  during  any  momentary  calm 
m  the  storm. 

7.  Zeppelin)  is  moat  conveniently 


.  THE  VOTAQB. 

Sto  the  voyage  i 
at  length  in  diviaion  A ;  tor  Ul« 
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Uwi  Klkting  to  balloon  travelliiiK  io  tha  Qennan  Empire,  ef. 
I.  A.  M.,  1901,  Nob.  3  and  4  ;  BOrglieha  Oadi^nKh,  H  2^^. 
227-229,  254,  390,  367,  823,  831,  842^4&,  847. 

Sines  there  is  always  a  poBBibilit;  tiint  the  descent:  must  be 
made  in  a  foreign  state,  eveiy  balloon  conductor  shonld  posaeas 
sridence  of  iMonging  to  «ome  recognised  aeronaudcal  club  or 
station,  which  is  of  intematioiial  standing,  or  a  conductor's 


nandque.   Sous  Commisuon  du  brevet  d'airooaute  Rapport," 
10th  October  IMl  (/.  A.  M.,  1902,  p.  84). 

During  the  vojoge  an  iUnerar;  should  be  taken  (cf.  von 
Tsohadi,  InBtruktion  fiir  die  BallmftikTeT,  Berlin,  1906) ;  the 
time,  place,  baTometric  height,  'temperature,  wet  and  dry  bulb 
thermometer  readings,  ballast  thrown  out,  use  of  ralve,  balloon 
cards  thrown  out,  shonld  be  recorded.  Ab  Hpecial  phenomena 
the  following  should  he  noted  :~Atmaaphenc  pictures  (cloud 
photoeraphyj  and  processes,  phenomena  relatine  to  the  balloon 
materials,  observations  on  the  Bight  of  birds  [cf.  v.  Locanus, 
Joumai  far  Ornithologie,  Jonuoiv  IBOB),  on  sounds  heatd,  the 
influence  of  the  nature  of  the  land  on  the  flight  of  the  balloon, 
and  on  the  orientation  during  the  voyaga  Instruct  the 
passengers  on  their  behaviour  on  landing.  Before  landing, 
descend  until  the  trail-rope  is  on  the  ground.  Prevent  the 
rope  going  over  housOB  on  account  of  the  damage  thus  caused, 
and  the  danger  t«  persons  below,  and  prevent  it  passiog  over 
railway  troclu  for  your  own  sake,  and  over  tslwraph  wires  and 
trees,  since  it  easily  becomes  entangled,  especially  in  the  latter. 

Choose  the  laumng- place  with  reference  to  the  availability  of 
the  necessary  personal  assistance,  also  choose  a  clear  ground  and 
one  in  a  convenient  locality  for  the  return  journey  .{when 
possible). 

Paaaengers  must  obey  implicitly  the  instmotionB  of  the 
conductor. 

g  C.  THE  LUnilKC). 

Preparations.— Pack  all  fragile  instruments,  glasses,  and 
bottlea ;  place  the  remaining  bags  of  ballast  on  t£e  trail-rope 
side ;  fasten  up  the  valve  line  \  bold  the  tearing-line ;  bind 
both  to  the  basket-work  close  to  the  podtlou  of  the  coudaotor, 
who  should  stand  on  the  trail-rope  side  of  the  car ;  ploos  the 
ballast  close  at  hand. 

When  low  above  the  ground  or  during  the  trailing  voysge, 
free  the  tearing  line  from  the  hoop  (c/*.  fig.  ISe)-  Diminish  the 
bnoyancy  as  desirable  by  opening  tlie  valve  for  short  periods. 
Prevent  the  velocity  of  descent  becoming  too  great,  according  as 
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the  landing- pliice  is  near  at  hand  or  far  distant,  by  an  energetic 
disoharee  of  ballast  (shake  out,  but  do  not  throw  out  irhale 
bags)  after  the  trail-rope  has  been  arranged,  or  b;  a  gradual 
discharge  ofballast  during  the  course  of  the  descend  Look  out 
for  alterations  in  the  direction  of  Bight  before  the  landing. 

Tear  the  envslopa  open  as  soon  as  favourable  landing  oonditiona 
occur,  some  16  to  20  metree  above  the  ground  or  after  the  first 
bamp.  Hold  fast  to  the  car  on  the  ^il-rope  side ;  bend  the 
legs  before  a  bump  occur?  to  reduce  the  shock  i«  IJie  system. 
In  a  calm  atmosphere  it  is  possible  to  land  without  tearing,  and 
hy  a  proper  use  of  ballast  without  humping. 

In  a  strong  wind  the  horizontal  velocity  of  the  balloon  canseB 
a  more  or  less  vigorous  bumping,  during  which  the  car 
usually  topples  over  on  the  trail-rope  side.  If  a  dra^ag 
voyage  begin,  which  only  occurs  when  the  tearing  arrangement 
do  not  act,  or  when  the  wind  forms  a  sail  of  the  empty  balloun, 
one  protects  oneself  by  holding  ou  to  the  grips  inside  the  car, 
and  by  taking  precau^ons  against  a  sudden  loss  of  balance  and 
against  being  thrown  out  by  the  car  tumiug  over.  Further 
care  is  taken  that  the  head  shall  never  come  on  the  trail-rope 
side  of  the  car. 

Itia  the  duty  of  every  conductor  in  critical  moments  to  set 
an  example  of  coolness  and  cold-bloodedness  to  the  passengers, 
and  to  warn  them  at  the  right  moment  of  any  danger,  and  to  do 
all  in  his  power  with  the  materials  at  hand  to  end  the  dragging 
journey  as  quickly  as  possible. 

After  landing. — Determine  the  time  and  place  ;  keep  at  a  dis- 
tance persons  with  cigars,  pipes,  etc.  ;  seek  out  persons  who  are 
willing  to  offer  assistance  (tor  instructions  in  foreign  langnagea 
see  V.  Tschndi,  Initruktum/ilT  dU  Ballonfilhrer,  Beriin,  IBOB). 

Unfasten  the  car  and  hoop  ;  free  the  trail-rope  and  any 
other  ropes  ;  lay  clear  the  paying-ont  ropes  ;  take  off  the  valves 
(pack  the  valve  screws  with  the  nuts  in  an  empty  sand-bag) ; 
straighten  out  the  envelope  (do  not  tread  on  it  with  boots  or 
shoes)  and  roll  the  two  sides  together  loosely,  so  that  the  valve 
rinB  lies  at  one  end  and  the  tail  ring  at  the  other.  When 
sufficient  intelligent  helpers  are  at  hand,  fold  the  balloon 
smoothly  gore  by  gore. 

After  this  roll  up  the  envelope  from  the  valve  ring  end  into  a 
packet ;  lay  the  valve,  tearing,  and  tail  ropes  on  the  top ; 
spread  out  ^e  cloth  for  packing  near  the  envelope,  and  draw  the 
envelope  on  to  it,  fastening  it  up  in  a  convenient  parcel ;  draw 
the  net  lengthwise,  roll  up,  and  bind  into  a  suitable  bundle. 

Clean  the  car ;  empty  the  ballast  bags  ;  pack  them  along 
with  taeteaen  and  knives  into  the  car,  placing  over  them  the 
trail-rope,  net,  hoop,  and  valve  ;  secure  the  car. 

ir  no  packing  cloth  is  carried  for  the  envelope,   pack  tbir 
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•Iw  in  the  c«r.  In  can  with  Kits  lay  tha  net  end  oord*  nndv- 
Heath,  otherwise  ley  on  the  top  with  the  hoop  end  valve  ebore. 
Bind  everTthing  nrmlj'  t«t^tber  with  the  car  ropee-,  order 
waging ;  write  out  coneignmentB ;  instruct  the  carrier  M  to 
thehandling  of  the  balloon ;  do  not  pot  the  car  on  the  top 
of  tiia  envelope  ;  do  not  allow  the  waggon  wheels  to  rub  against 
the  envelope ;  all  instruments  and  charts  ahould  ha  carried 
by  the  aeronaut  himself. 

Enqnire  about  damage  to  Gelds  and  compeneatioB.  Obtun 
at  once  a  written  statement. 

Reward  the  people  assisting,  obtaining  receipta.  Fay  for  Ifte 
carriage  of  the  materials  to  the  station. 

Forward  telegrams  rt  the  succeas  of  the  voyage, 

g  e.  BAIXOON  SF0BT8. 

OonditionB. — 1.  A  problem  whose  solution  is  poesihle.  2.  An 
honour  or  monetary  reward  for  those  who  solve  the  problem 
best.  3.  Carrying  recording  instruments  aecnrately  tasted 
beforehand,  and  again  overhauled  before  the  voyage. 

The  sport  depends  on  the  skill  of  the  aeronaut  and  the 
qnality  of  his  materials.  Competitions  may  take  place  between 
aeronauts  alone  or  between  aeronauts  and  cyclists  or  motor  eats. 

A.  FoFpnre  balloon  sport,  the  following  main  problems  nay 
be  distinguished— requiring  very  diiferent  kinds  of  sldJl  fixon 
the  aeronauts  {rf,  Itlustritrte  MilUAlungen  dea  OberrhtaaehaK 
Vertinsfiir  Luflachiffahrl,  1887,  p.  65  ;  Moedebeok,  Der  Sport 
in  der  Lufttoh^dkTt]. 

The  Fidiration  Aironavtiqne  InltmaiionaU,  founded  in  Faris 
on  Oct.  14,  1905,  has  laid  down  certain  rules  and  regnlationa 
governing  all  such  sport,  which  are  recommended  for  the 
acceptance  of  all  Aeronau^cal  Clubs,  and  among  other  events, 
govern  the  annual  eompetition  for  the  Gordon-Bennet  prize. 

1.  Time  compUUiona. — To  remain  in  tbe  air  as  long  a* 
possible  (</.  ChapterVl.,  A,  ge) ;  determine  for  the  handicapping 
the  size  of  least  balloon  taking  part  in  the  competition  andT  take 
ita  buoyancy  aa  normal.  The  extra  ballast  for  larger  balloons  is 
fornished  in  sealed  bags,  and  must  be  returned  unopened  after 
the  descent  (,</.  Chapter  VI.,  A,  S  8). 

2.  Diatanix  arm.pelitions.~To  travel  as  far  as  possible  with- 
out a  break  of  journey.     Use  favourable  air  currents. 

3.  Speed  competition)!,  — To  cover  a  certain  distance  in  the 
direction  of  the  wind  in  the  shortest  possible  time,  a  maximum 
height-limit  beinK  hied.  In  the  handicap  limit  the  height  not 
'o  be  exceeded  during  the  trip  to  tbe  maximom  height  poadble 
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i.  Time-fmgM  aympetiHatu  (which  mast-  be  diBtLaguialied 
from  greatest  height  competitioiia,  which  possess  only  a  meUoro- 
logicaJ  and  scientific  interest  and  must  be  excluded  from  sport). 
To  travel  as  long  as  possible  at  a  certain  previously  arranged 
height.     Handicap  according  to  the  smaUest  oompetiiig  ballooo. 

Bftlloong  with  biUloneti  and  fans  are  best  sailed  for  this 
purpose  (e/l  Chapter  IV.,  §  28). 

6.  Olfjek  compttitivns. — To  land  as  near  aspoesibla  to  a  place 


previoosly  filed  upon,  lying  approximately  in  the  direction  of  the 
wind,  or  to  the  landing  p^ce  of  a  halloon  previotialj  sent  ijoft. 
,   Trail  compelitums.  — Low  voyages  with  a  rope  trailing  on 


the  ([round.     Can  be  combined  with  the  competitioDs  1,  2  a 
6,  bat  are  difficult  to  cany  out  in  cultivated  regions  on  accouut 
of  the  damage  which  is  liable  to  be  caused  by  the  trail-rope. 

7.  Mantle  compelilions. — A  trailing  voyage  over  the  sea  udng 
driving  anchors  and  buoys  (^.  Chapter  IV.,  g  22).  Inland  seas 
with  islands  are  suitable  places  for  this  amuaemenL  Ijarger  seal 
(such  as  the  Irbh  Sea)  should  be  naed  for  practiaiag. 

S.  Travelling  tompetUiont.  —  Using  all  means,  including 
breaks  of  journey,  in  order  to  reach  a  given  plaoe  by  balloon. 
The  conditions  ma;  be  veiy  varied,  the  time  taken,  the  breaks 
of  journey  allowed,  re-inflations  of  the  balloon  all  being  taken 
ict^  account. 

Aif'ships  would  prove  invaluable  in  these  competitiDiii,  and 
this  form  of  sport  must  undoubtedly  will  lead  to  their  fiuther 
development. 

B.  Balloon  sporU  in  oonjnnotion  with  other  aportt. 

1,  The  iHos(  rapid  fulfilment  aj  an  errand  yiitk  Uie  help  of 
cyclists  carried  with  the  balloon. 

2.  Following  the  balloon  vrith  eyclistt. — A  prise  for  ths  fint 
cyclist  to  reach  the  landing  place. 

5.  Garrying  a  motor-cyclist  to  fulfil  a  certain  purpose,  with 
motor-cyclist  following  in  the  wake  of  the  balloon  with  a  view 
to  his  capture. 

4.  Carrying  a  eydiat  or  motor-eyclist,  and  following  with 
transport  motors  for  the  balloon  materials.  The  problem  is  the 
quickest  retnm  of  the  transport  with  the  allotted  balloon. 

Cyclists  or  motor-cycliate  serve  to  seek  out  and  guide  the 
transport  motors  to  the  landing  place. 

6.  Carrying  a  plmlographer,  —  Taking  certain  views  or 
generally  for  the  best  views  taken. 

6.  Carrying  carrier  pigtrmi.  —  Forwarding  a  cootinnons  record 
of  the  progress  of  the  voyage  by  means  of  corrier  pigeons. 

7.  Carrying  a  Marconi' a  neeiver. — Continuous  communication 
with  the  aeronaut  by  means  of  wireless  tel^^mphy.  Object. — 
Delivery  of  the  news  of  the  voyage  dnriug  the  journey  or  at 
the  end  atatioo. 
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n  with,  the  methods  of  working  out  the  resnlts 
of  balloon  voyages,  it  U  to  be  Dot«d  that  the  [urticulBT  parpose 
of  the  vojage  must  always  be  kept  in  mind  whan  working  np 
the  observations.  This  applies  more  particularly  to  the 
observations  taken  by  the  conductor  in  connsetion  witi  the 
object  of  the  trip,  T?he  itineratr  must  therefore  be  worked  out 
for  a  definite  purpose,  and  mmisbed  with  the  necesaoi; 
di^nuDaB. 

The  same  scale  for  the  diagrams  of  the   voyage,   and   for 
similar  voyages  vritb  which  it  is  to  be  compared,  should  be 


Kinds  of  Diagkamb. 


Nome  of  diagi'am 

A.  Time  dlkgnms. — 

1.  Distance- time, 

2.  Heieht-time, 

3.  Ballast-time, 

i.  Sunshine-time,     . 

B.  DiitaDce  diagrams.  ■- 

6.  Time -distance, 

S.  Heioht- distance,  . 

7.  Ballast-distance,'. 
S.  Sunshine-distance,' 


Abscissa.       Ordinate*. 


Time. 

Time. 
Time, 
Time. 

Distance. 
Distance. 
Distance. 
Distance. 


Distanoe. 
Height 

Ballast 
Sunshine, 


t  intarrals—for  example,  preoipita- 
in  the  diagrams  where  they  ocouc,  in 
point  of  view  of  time  or  distance, 

Be^es  these  it  is  always  advisable  to  trace  the  projection 
of  the  path  of  the  balloon  on  the  earth  on  a  suitable  map. 

For   adjudicating   balloon    sports   the    following   aiagrams 
should  be  demanded  : — 

1.  Time  compeiiiioni.—Noa.  8,  4.   2.      Plan  of  the  line  of 
roots,  with  observationa  on  the  nature  of  the  land  traversed, 

2.  DUlanjx  a/mpetilioTtt.—Noi.   f>,   S,   7,   S.      Plan  of  the 
line  of  route  as  above. 

3.  Speed  competitions. — Nos.  1,  2,  6,  4.     Plan  of  the  line  of 
route  as  above. 

1  The  amounC  al  ballast  required  for  lauding  ibould  be  left  out  ol 


■blui,    Baadliigi  on  i 
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4.  Time-height  competiiuna. — Nos.  2,  3,  8. 

6.  Objei  compeiUvma.—¥lo6.  1,  6,  B,  7,  8.  Plan  of  the  lins 
of  rouU  with  the.  addition  of  the  wind  direotions  on  the  ground 
and  obaervations  of  clouds,  of  the  flight  of  the  caids  thrown 
out,  and  of  other  balloons. 

6.  Trail  eovvpetHirms. — Noa  5  and  8.  Height  limited  by 
trail-rope  ;  the  diagram  should  show,  therefore,  the  ballast- 
distance  curve  for  ballast  oarricd.  Noa.  7  and  8  for  ballast 
cast  out.     Plan  aa  above. 

7.  MaTini  compelUioTva. — As  for  trail  oompetitionB,  but  with 
the  addition  of  the  wind  direction  as  given  by  the  driving  anchot, 
and  the  leeway  due  to  am  currants. 

8.  TTaBeiling  competUioTU, — Details  concerning  the  general 
conditions,  including  the  details  of  the  ascent,  journey,  and 
landing.  Add  the  necessary  diagrams  (as  above)  (C/.  also 
Hoernes,  Uber  BaHonbeobachtun^en  UT\d  d^en  graphisfJit 
DaTstillung  mil  besonderer  Beritcksichtigv/itg  rMteorologiacha- 
VerMllniKt,  etc,  Vienna,  1892.) 

With  reference  to  the  competitions  mentioned  in  g  6,  B,  the 
coiresiiondiQE  details  and  diagrams  ara  necesaaiy. 

It  IS  evident  that  such  computations,  carried  out  in  a 
systematic  maaner,  form  splendid  material  for  the  ednoation  of 
the  young  balloon  condactor. 


'=■ .GiJogIc 


CHAPTER  VII. 
BALLOON  FHOTOGKAPET. 

Bt  Dr  a.  MIETHE, 
BtcUr  aj  oiul  Pn/tWDr  at  (kt  7'«inucA«  Hi>cA«cAut<  in  ChorloNcnkufv  ; 


g  I.  OEHXBAL  OOHBIDEBATIOITS. 

SiMOB  a  gener^  partidpatian  in  aeronsutical  aacenta  is  not 
practicable  at  tlie   present  daj,   photogiaiihv  serves  a  UBefnl 

SnrposB  in  intfireating  the  general  public  in  ballooning,  bringing 
own,  u  it  does,  authentic  records  from  every  height  in  the 
atmosphere.  To  the  aeronant  himself,  however,  and  to  all  those 
who  are  interested  in  the  ecientifio  problems  connected  with 
aerial  voyages,  photographs  taken  on  board  the  balloon  serve 
one  of  the  moat  asefuT  purposes  in  aerostatics.  These  facts  ore 
ID  obvious  fliat  they  were  recoraised  at  a  very  early  date, 
and  eiperiments  on  photography  trom  the  car  of  a  balloon  are 
almost  as  old  as  the  art  of  photography  itself.  It  is,  howeTsr, 
only  in  the  most  recent  times  that  photography  has  been 
recognised  oa  indispensable,  and  the  photographic  outfit  as 
amongst  the  most  important  apparatus  carried  by  the  aeronaut. 

Apart  from  the  possibility  of  making  photographic  exposures 
ftom  the  balloon,  attjanpta  have  also  been  made  to  replace  the 
balloon  by  other  vehicles,  more  especially  by  kites,  for  the 
purpose  of  obtaining  aerial  photographa.  Ae  far  la  ia  known, 
Uiese  eiperiments  nave  not  been  carried  beyond  a  form  of 
racreatioii,  aa  is  readily  nndeiatflod,  if  we  remember  that  that 
which  makes  a  photograph  of  valne  ia  the  careful  focuasing 
of  the  object  by  the  operator,  A  photograph  taken  haphaiora 
from  a  kite  or  from  a  balloon  without  ao  aeronaut,  will  be,  in 
general,  worthlesB.  We  will,  therefore,  not  consider  further  such 
applications,  but  confine  ourselves  to  a  short  account  of  the  means 
and  methods  of  photo^phy  in  so  far  as  they  are  of  importance 
to  the  aeronaut  lot  scieutific  poiposea. 


S  2.  TEE  APPAEATOB. 

The  p^otograpliic  apparatnB  consists  essentially  of  the  ctUDflta 
■nd  stand.  The  stands  us«d  b;  oeronsuts  will  nstmsllj 
dilTer  essentigJIy  from  thosa  nsed  for  exposares  on  the  fl&t  eoirt^. 
Thej  must  be  adapted  to  the  conditions  holding  on  board  the  osr, 
and  lire,  as  a.  matter  of  fact,  frequently  entirely  dispensed  with. 
Since  it  is  one  of  the  priuoipal  conditions  for  every  eiporare, 
however  rapidly  the  instantaneona  shutter  may  operate,  that 
the  apparatas  itself  should  stand  as  atill  as  poasible,  it  ia 
best  to  have  the  camera  firmly  attached  to  the  car,  either 
by  being  let  into  the  floor  or  by  Easteciiig  it  by  means  of  atrong 
universal  joints.  The  hand-oainera  may,  however,  be  of  great 
service  in  the  balloon ;  its  infinite  freedom  of  movement 
affottling  the  possibility  of  taking  exposures  in  every  desired 
direction  within  a  very  short  interval  of  time.  The  photo- 
graphs so  taken  will  differ  the  leas  from  those  taken  with  the 
fixed  apparatus  in  point  of  distinctuesa  the  steadier  the  opeiahir 
holds  tha  camera  and  the  better  he  chooaea  a  moment  of  relative 
stillness,  during  which  neither  the  rotational  movement  of  the 
balloon  about  its  vertical  axis,  nor  the  swinging  of  a  captive 
balloon,  detracts  from  the  aharpneaa  of  the  image.  As  far 
as  concerns  the  camera  itself,  not  much  need  be  said.  The 
aeronaut's  camera  will  not  diOer  essentially  from  the  ordinary 
tourist's  camera,  although,  of  conrae,  certain  conditions  must 
be  fulfilled  on  board  the  air-ship  which  are  not  so  necessary  in 
cameras  for  use  on  the  earth.  It  is  of  the  highest  importance 
to  have  a  camera  as  strongly  and  solidly  bnilt  as  poaaible. 
Leather  oamersa  are  very  liable  to  get  damaged  in  the  limited 
space  on  an  air-ahip,  reudeiing  them  no  longer  properly  light- 
tight.  Solid  cameras  offer,  consequently,  an  advantage  in  this 
respect.  It  ia  of  the  greatest  importance  to  be  able  to  make 
several  expoanrei  very  quickly  one  after  tlie  other.      For  this 

Eurpose  it  is  at  least  necessary  to  have  a  large  number  of  plate 
olders,  but  better  to  have  a  magazine  arrangement,  such  as  is 
often  attached  to  hand-oameras.  With  such  magazine  arrange- 
ments, if  properly  constmoted,  the  plates  may  be  changed  with 
extreme  rapulity,  an 'I  in  some  forms  of  apparatus  (e.g. 
Krtlgener's  HanQ-Cajnara)  ao  rapidly  as  to  allow  12  exposures  to 
be  made  within  30  seconds.  The  magazine  arrangement  must, 
under  all  circiunstauces.  be  bo  constructed  that  its  wotlcing 
cannot  be  interfered  with  by  the  aand  used  as  ballast.  Con- 
sequently it  is  not  the  delicately  built  change-holdera  that  an 
most  serviceable,  but  only  such  changing  anangemeuts  u  woik 
by  the  complete  torning  of  the  plate. 
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g  3.  THE  SHUTTER. 
ConcerDing  Hbe  inatantansauB  abutter  only  a  slit  itop  shoold 
ba  empIo;«a  on  board  a  balloon.  The  slit  stop  offers,  on  tlie 
one  hiuid,  the  great  advantage  that  the  time  of  ezpoaare  can  be 
varied  within  very  considerable  limits  with  safety,  and,  on  the 
other  bond,  the  advantage  that  the  sensitive  plate  ia  not 
illunuDated  all  at  one  time,  the  flash  travelling,  aa  it  vere, 
rapidly  acruaa  it,  ao  that  a  small  movement  of  the  Camera, 
oau9ed  by  the  unsteadiness  of  the  support,  affects  the  result 
leaet ;  lastly,  the  slit  atop  has  the  great  advantage  in  itself  that 
it  is  protected  from  all,  damage  inside  tbec  ' 

I  account  of  i'       "      ' 


Tesult,  even  in  the  hands  of  a  person  not  thoroughly  trained  in 
the  art  of  photography.  The  conatmctioD  of  the  slit  stop  has 
been  enormoual;  improved  in  recent  times,  and  the  rapid  and 
oertain  regulation  of  the  breadth  of  the  slit  ia,  above  all  things, 
a  great  adVaatage  in  the  modem  applications  of  this  art,  vrhilat 
in  the  older  arrangements  (circular  stop)  this  regulation  left 
mnch  to  be  desired.  Among  the  best  slit  stops  are  Stegemann's 
Double  Roller  Stop,  and  the  much  aimpler  and  eitwmely 
effective  alit  stop  of  Goltz  k  Breuthmaun  of  Berlin. 


g  1.  THE  LENS. 

t  Questio 

apparatus  for  balloon  wort  ia  the  choice  of  the  lens  to  be  used. 
It  may  be  answered  if  we  consider  carefully  the  conditaone 
under  which  it  is  to  be  used.  Since  on  board  the  balloon  only 
instantaneous  photographs  will  be  taken,  it  is  obvious  that  we 
can  deal  only  with  strongly  lighted  subjects  ;  on  the  other  hand, 
we  must  remember  that  the  light  aa  observed  from  the  car  is 
comparatively  very  strong,  owing  to  the  intense  action  of  the 
snn  on  the  earth's  surface,  and  the  great  distance  of  the  nearest 
objects.  If  we  tate  the  smallest  aperture  for  ordinary  instan- 
taneous eipOBUtes  aa  //IZ,  then  on  board  the  car  a  still  smaller 
aperture  can  be  taken,  e^iecially  in  cloud  photography,  where 
an  extraordinarily  amall  n-action  of  the  focal  distance— //20  or 
even  //36 — can  be  taken.  In  spite  of  this,  it  is  better  to  emplov 
Ml  objective  which  may  be  used  both  for  instantaneous  work 
and  also  for  very  short  eipoautea  in  an  unfavourable  light,  as 
in  twilight,  or  when  the  sun  is  very  low  on  the  horizon.  On 
the  other  hand,  we  require  the  objective  to  give  as  large  as 
possible  a  picture  with  the  greatest  posaible  distinctness  of 
outline,  alao  with  relatavely  strong  illumination,  and  at  the 
same  time  the  photograpba  must  give  eiactly  the  central  per- 
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apaetiTe,  bo  that  they  mav  be  used  for  the  purpoaei  of  pbato- 
goLpbio  Hurvey  work.  All  thaw  oonditioag  are  falfilled  id  the 
widest  Beoie  b;  tha  "  Anaatigmate  "  aeries,  bySteinheil'a  Rapid- 


ADteploDAte,  and  bj  the  ApUaats  and  all  objectirea  of  a  sinular 
type  IBiuyakope,  ete.). 

The  "  Anaetigmate"  oombine  in  the  higbeat  degree  the 
deairabla  propeities  of  oil  these  tenses.  In  chooaini;  between 
these  leases  Bevaral  points  must  be  considered.  This  aeriea 
vork  uansJly  with  a  full  opening  of  at  lesat  //8,  and  give 
with  this  Btop  a  field  of  view  on  the  iilate  whose  longest 
dimeuaion  ia  at  leaat  equal  to  the  focal  length.  In  balloon 
work,  however,  it  frequently  happena  that  the  depicted 
objects  must  not  be  shown  on  too  snuJl  a  scale,  in  order 
that  detaila  may  be  studied  even  from  great  huehla,  and 
longer  focal  lengths  are  often  necessary.  A  focal  length  of 
25-2S  ome.  is  most  eonveatent,  therefore,  for  the  atiul  size 
of  pUte,  13x18  cms.    The  choice  among  the  better  dasi 


modern  instruments  is  also  not  very  easy  on  other  groands, 
'  extraordinary  optical  peifection,  in  a  certain 
a  the  middle  and  the  mlge  of  the  field  of  the 


n  between 


[liotnre,  many  produce  a  slight  arching  of  the  field,  vrhich 
IS  eapecially  troublesome  when  we  have  a  long  focal  length 
and  a  small  plate.  On  this  aewunt  instruments  ore  to  be 
preferred  for  balloon  work  (when  they  are  used  under  a  small 
angular  aperture)  which  are  corrected  for  an  angular  aperture 
not  too  large  ;  and  haviuK  regard  to  the  meoBuring  out  of  the 
plate  afterwards,  only  such  instruments  should  be  choeen  as  are 
perfectly  free  from  errors  of  this  type,  i,«.  are  symmetrically 
anastigmatic     The  following  instruments  may  be  recomniended 


J  symmetrical : — Obre's  Double  Anastigmat,  6er.  III.  ; 

VoigUander'i    "        -""■■.«■  ■  " 

Vlfa. 


i  CoUinesr,   8er.    III.;   Zeisa's   'Satzprot^r,'  Sar. 


By  using  very  aenaitive  diy  plates  the  velocity  of  the  shutter 
may  be  extraordinarily  great,  under  favourable  ciroumstances, 
assuming  that  tbe  objectiTe  choscD  is  used  with  the  full  opening. 
With  downward  eiposures  on  a  clear  day,  when  there  are  no 
intensely  illuminatM  clouds  under  the  car,  an  eiposure  of  about 
jlt  aec.  will  give  a  oorrectly  illuminated  photograph.  In  dull 
weather  y|o  to  (^  aec.  ia  suMcient.  For  exposures  ofclonda 
strongly  illuminated,  especially  cumulus  ana  other  brightly 
lighted  plctnree,  for  which,  as  we  shall  see  later,  it  ia  beat  to  use 
i^our-sensitive  platea,  the  time  of  exposure  may  be  furtber 
considerably  reduced,  and  the  objective  aperture  may  also  be 
giestly  diminished.  If  we  consider  that,  in  photographing 
clouds  from  the  ground,  through  the  thick  strata  of  the  lower 
atmosphere,  which  absorb  much  of  the  active  li^ht,  we  require 
generiuly  but  «  ^  sec.  ezposure,  with  an  openmg  of //40,  we 
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can  at  once  see  that  on  board  tlie  cor  &  vei;  mnch  shorter 
exposure  or  a  greatl;  decreased  aperture  will  be  required. 

The  conditionB  ore  quite  altered  if,  instead  of  an  ordinary 
plate,  we  use  a  colour- sensi tire  or  iaochromatic  plate  in  combina- 
tion with  a  yellow  screen.  It  may  be  stated  here  that  the  use 
of  isochromatic  plates  is  to  be  reeommended  in  every  case,  since 
even  on  the  clearest  day  the  fine  blue  mist  lying  over  the  surface 
of  the  earth  causes  the  details  of  the  surface  to  oonle  out  badly 
on  au  ordiuaTV  plate,  just  as  though  they  had  been  observed 
through  a  veil.  It  is  still  less  posaible  to  obtain  the  finest 
details  of  a  cloud  picture,  e.g.  of  cirrus  clouds,  which  are 
depicted  against  the  blue  b1^,  on  an  ordinary  plate.  The  con- 
trasts will  not  come  ont  sutficientlj  strongly  even  with  the 
shortest  eipoaure  ;  indeed,  cirrus  clouds,  as  we  know  from  experi- 
ence, are  usually  missing  altogether  on  the  plate.  The  con- 
ditiona  are  quite  different  when  we  use  the  isochromatic  plates. 
The  action  of  the  colour- aensitive  plate  is  to  Canse  the  less 
refrangible  rays,  especially  the  yellow  and  jellowiah -green  rays, 
to  come  out  more  strongly  as  compared  to  the  blue  rays,  in  the 
photographic  action,  than  on  ordinary  plates.  Light  passing 
through  a  mist  affects  the  plate,  and  causes  the  layers  between 
the  place  of  exposure  and  the  object  to  appear  more  transparent 
and  lighter,  whanca  all  detaila  come  out  most  distincUy. 
These  show  clearly  with  the  use  of  isochromatic  plates  with  or 
witliont  a  yellow  screen.  The  yellow  screen  is  of  the  greatest 
advantage  in  all  cloud  photography,  especially  in  photographing 
cirrus  clouds.  It  is  best  to  use  the  yellow  screen  near  to  the 
objooiive,  and  for  this  purpose  bright  yellow  glass  whose  sides 
are  optically  plane  and  parallel  should  he  employed  ;  this  n^iay 
be  procured  of  good  quality  from  several  different  firms.  Still 
better  tlian  these  glasses  are  liquid  cells  between  plane  parallel 
plates ;  theae  cells  are  filled  with  a  sufficiently  diluted  solution 
of  potoaaiam  bichromate. 

The  best  colour  filter  which  can  be  used  for  balloon  expoeores 
'tsof  two  perfectly  plane  pieces  of  gloss  cemented  tt^ther, 
B  between  them  a  coloured  layer,  this  being  com- 
Dsparent.  These  glasses 
' — gly  refrangible  light, 
.  _  _  » the  less  refrangible 

light  which  WB  wish  to  act  on  the  plate,  while  coloured  g^lass 
always  absorbs  part  of  this,  on  account  of  its  impure  colouring. 
With  the  aid  of  such  colour  filters  inatantaneous  photAgtaphs 
are  easily  taken  from  the  balloon,  using,  of  course,  isochromatio 
plates. 

The  use  of  isochromatic  plates  in  combination  with  a  yellow 
screen  representa  the  greatest  advance  whioh  has  been  made  in 
balloon  photography  ;  instead  of  only  using  a  small  fraction  of 
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the  light  rwching  the  objective,  with  this  arraasem«nt  the  full 
aperture  is  used,  and  by  absorbing  all  the  blae  fight  by  meuu 
<tf  a  suitable  yellow  screoa  a]]  deUila  in  the  distant  objecta  come 
out  much  more  strongl  j  without  further  trouble. 
-  The  kind  of  colour  plate  to  nae  depends  iirinoipslly  on  the 
kind  which  the  particukr  photograjiher  hae  been  accostomed  to 
and  h»B  bod  experience  of.  In  general,  good  colour  jilates  are 
manufiictured  in  commerce,  bat  it  must  be  reroeniberBd  tint 


h  colour-Beusitive  plat«s  are  usually  not  vtTj  durable,  and 
care  must  be  taten  to  cbooae  them  a*  fresh  as  poaaible.  Old 
isochromatic  plates  often  dve  dull  edges  and  irregular  spots. 
Perutz's  Erythroein  Silver  Plate  may  be  recommended  as  a  good 
plate  with  considerable  colour  action.  It  has  recently  been 
produced  as  a  highly  aeoBitive  plate,  with  which  an  instan- 
taneous exposure  may  be  safely  made  even  when  the  yellow 

Those  who  wish  to  attain  the  best  possible  results  most, 
however,  jffepare  their  own  plates,  and  the  following  recipe 
gives  an  exceedingly  sensitive  plate  very  suitable  for  balloon 
work,  as  careful  tests  have  shown,  and,  even  when  used  in 
combination  with  a  powerful  yellow  Biter  (the  filter  of  the 
Photochemical  Laboratory  of  Berlin,  by  R.  Talbot,  Berlin],  can 
be  used  for  instantaneous  work,  even  though  the  light  may  be 
somewhat  unfavourable.  The  plates  which  are  to  be  mode  iso- 
chromatic must  offer  a  clear  working  and  very  sensitive  emul- 
sion. For  the  purpose  of  sensitising  they  are  dipped  in  a  weak 
ammonia  bath  (1-2  per  cent  )  in  the  dark  room  with  a  dark  red 
light,  and  after  two  minutes  are  transferred  without  rinsing  into 
the  Erythrosin  solution — 1-500  erjthroain  solution,  15  cc.  ; 
water,  100  cc. ;  ammonia,  1  o.c.  The  plates  must  remain  in 
this  bath  for  two  minutes,  being  kept  in  motion  all  the  time, 
and  then  taken  out  and  washed  well  for  two  minutes  under  a 
rose.  After  this  Uiey  must  be  placed  in  a  good  diying  cuphoard 
where  they  stand  on  a  rack,  and  should  be  dry  la  from  three  to 
four  hours.  The  plates  prepared  in  this  manner  may  be  pre- 
served for  nse  at  any  time,  since  they  remain  unaltered  for  at 
least  three  to  four  mouths.  The  seositiieness  of  these  plates  is 
very  much  greater  than  that  of  the  mother  emulsion,  and  they 
can  be  employed  with  advantage  even  without  the  yellow  screen, 
and  will  give  in  a  good  light  an  instantaneous  photoarsph  with 
an  objective  aperture  of//24  and  a  time  of  exposure  of  Vn  sec. 

The  use  of  such  super-sen aitive  colour  plates  ia  especially  to 
be  recommonded  when  teleological  exposures  are  to  be  mads 
^m  the  balloon.  The  ordinary  tele- objective  [Voigtliinder, 
Steinheil)  allows  instantaneous  exposures  to  he  made  Irom  the 
balloon  by  means  of  such  plates,  when  the  enlargement  is  not 
too  gre»t  (three  to  four  times  the  original  focal  length  of  tii» 
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positive  system),  and  »  picture  may  be  obtained  in  this  nuDDer 
with  a  camera  drawing  out  only  25-30  GIDS.,  auch  aa  could  only 
be  obtained  with  &ti  ordinary  objective  by  means  of  a  camera 
76-100  cms.  long.  In  this  waj  instantaneous  photographs  for 
detailed  study  of  the  land  below  can  be  obtained  bj  aipoBuiea  in 
the  balloon. 

gG.  OHEUIST&Y, 

The  chemical  uuiniuulatiQnB  which  are  necessaij  for  the 
development  of  the  balloon  photo^ph  do  not  differ  eseenttnlly 
(totn  those  which  have  to  be  earned  out  with  ordinary  plates, 
but  it  is  advisable  to  cany  out  the  developrnent  of  auch  valuable 
photoKiaphs,  of  which  each  may  be  a  unique  specimen,  with 
Bpecial  care.  On  the  grouud  of  a  veir  long  experience  we  can 
recommend  the  eo-called  rodinol  developer,  amonrat  the  large 
number  in  use,  as  heine  especially  Buitable  for  the  developlaent 
of  valuable  photographa  taken  perhape  with  an  exceedingly 
rapid  exposure.  For  our  purpose  it  may  be  used  with  advantt^ 
In  the  form  of  the  bo- called  permanent  developer.  The 
stationary  development  is  a  form  of  development  in  which, 
by  handling  the  plates  in  a  very  dilute  solution  of  the  developer, 
and  so  reqmring  a  very  slow  development,  we  seek  to  bring  out 
the  greatest  amount  of  detail,  the  finest  poasible  granulaldon  of 
the  layer,  and  the  equalisation  of  any  faolte  of  eipoeme. 
The  method  which  can  be  recommended  most  strongly  is  the 
following  :- 

The  pTatee  are  removed  from  the  holder  either  in  the  feeblest 
red  light  or  in  the  dark  and  csrefiilly  dasted  (the  some  process 
mast  be  gone  through  when  inserting  the  plates,  and  the  camera 
and  holder  must  be  kept  absolutely  treB  from  any  trace  of  diwt), 
and  placed  side  by  aide  in  a  developing  stand  in  which  a  dozen 
or  more  plates  may  he  treated.  The  developing  vessel  should  be  a 
glass  or  glazed  earthenware  trough,  of  such  dimensions  that  there 
IS  ample  room  for  the  developing  stand,  and  so  that  the  upper 
edge  of  the  plates  comes  at  least  5  cms.  below  the  upper  edge  of 
the  vessel.  The  trough  should  be  tilled  b>  within  about  2  cms. 
of  its  upper  edge  with  distilled  water  to  which  1  c.o.  todinol 
solution  IS  added  for  every  250  c.c.  water.  After  the  plates 
have  been  put  into  the  very  weak  developing  solution,  the 
sensitive  side  must  be  gone  over  with  a  line  camel's  hair  brash, 
in  order  t^  remove  oil  »ir  bubbles  adhering  to  it,  the  troneh 
beinu  afterwards  covered  with  s  piece  of  cardboard.  The 
development  progreeses  extremely  slowly,  so  that  it  is  hardly 
necessary  to  see  how  it  is  going  on  before  the  expiration  of  an 
hour.  Ab  soon  as  it  is  seen  that  the  details  of  the  plate  stand 
out  well,  even  in  the  deepest  shadow,  the  slow  dev^opment  is 


iatemipted,  and  we  proceed  to  bring  out  the  aecesmry  oontraHts 
in  the  pkte  b;  deTe1opin([  further  in  a  conceutnited  cfeveloper. 

One  plat«  after  anothei  is  taken  out,  examined,  and  brought 
eTentuallj,  if  the  contrasta  are  not  sufficiently  strong,  into  a, 
1  to  20  rodinol  aolntiou,  in  on  ordinary  developing  dish.     The 

Ctes  are  developed  in  this  until  the  contrasts  are  propeily 
ught  ont  Uaually,  when  everything  has  been  properly 
carried  out,  this  second  development  it  nnnecessarf.  The 
plates  acquire,  on  the  contrary,  a  safficient  density  after 
standing  abont  2-2}  hours  in  the  weak  solution,  aud  show 
beantifui  rich  coutraets,  though  full  of  detail,  even  in  the  shadow 
portions.  If  the  illumination  was  too  powerful,  so  that  the 
plat«  appears  misty,  even  in  the  diluted  developing  solution, 
and  covered  with  a  uniform  grey  layer  at  the  time  of  in- 
spection, it  is  treated  further  in  a  concentrated  developer 
1  to  2B,  to  which  has  been  added  10  to  15  c.c.  of  a  10  per  cent. 
solution  of  votassiura  bromide  for  every  100  c.c.  of  the  developing 
solution.  The  plate  has  been  under-eiposed  if  it  has  to  stand 
five  or  ten  hours  in  the  dilute  developing  solution  before  showing 
any  detail,  the  light*  coming  out  very  strongly.  Nothing  can 
be  done  with  these  plates,  which,  however,  are  seldom  obtained 
in  balloon  work.  In  this  class  of  work,  in  fact,  even  with 
the  shortest  exposure,  we  have  almost  always  to  deal  with 
oases  of  over-eiposure. 

g  a.  FINISHINQ  TOUOHES. 

The  methods  of  treating  the  plates  farther  in  case  they  are 
too  faint,  i.e.  if  the  contrasts  are  too  feeble,  or  in  case  they  are 
too  strong,  i.e.  the  conttHSts  are  too  great,  in  order  to  correct 
these  faults,  and  the  methods  of  obtaining  positives  (prints)  are 
the  same  for  balloon  phutographs  as  in  ordinary  work,  liieae 
particulars,  as  well  as  the  principles  of  photographic  knowledge, 
may  be  obtained  from  any  sn^all  tent-book  on  amateur  photog- 
raphy. Pizztghell  i's  Anleitiinff  sum  Fkotogrofphieren  may  be 
recommended  as  a  worli  for  beginners,  and  as  one  in  which  most 
of  the  questions  and  doubts,  puzzling  to  the  begianer,  are 
answered.  In  any  case,  it  is  better  to  take  Dp  balloon  photog- 
raphy only  when  thoroughly  expert  in  ordinary  photography, 
and  after  a  certain  mechanical  routine  has  b^n  attoined, 
without  which  neither  ordinary  exposures,  and  still  less  balloon 
exposures,  can  be  made  to  yield  results  of  value,  at  least  with 
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CHAPTER  Vni. 


FHOTOGBAFHIC  SUSVUTING  FEOH 
BALLOONS. 


§  1.  QENERAL  OONSIDEB&TIOMS. 

Teb  application    of   photographic    surveying   during  balloon 
TQjages  serves  a,  double  purpose,  viz. ; — 

1.  The  delennination  of  the  position  of  the  balloon  with 
nspect  to  a  number  of  teireatrial  points,  whose  position  and 
altitude  is  already  knowu,  and  which  can  be  identified  on  the 
photograph. 

The  Tertical  pioj^tion  of  the  position  of  the  balloon  can  then 
alao  be  Hhown  on  the  map,  and  the  altitude  of  the  balloon 
determined. 

2.  For  the  constiuction  of  a  map  of  the  ground  on  the  basis 
of  a  knowledge  of  geveral  points  which  bare  been  identified. 
If  one  photograph  only  is  used,  the  coDstructjoii  can  ooly  be 
carried  ont  on  the  assumption  that  the  land  is  plane.  TJsing, 
however,  two  or  more  phot  ographa  taken  from  different  poaitioua 
of  the  balloon,  we  can  free  the  map  from  this  restriction,  and 
determine  also  the  vertical  aspect  of  the  land. 

The  following  conditions  must  be  fulfilled  by  the  apparatus: — 
(1)  The  objective  must  give  an  eiact  perspective  im^e  (test 

bj  photographing  two  parallel  lines,  sa;  plumb  lines). 
(3)  The  podtion  of  the  emulsion  relatively  to  the  objective 
must  remain  the  same  after  the  introduction  of  the 
plate.  This  is  best  attained  by  fastening  the  base  plate 
to  the  objective  as  lirmly  as  possible,  and  by  pressin); 
the  holder  and  plate  firmly  against  a  fixed  edge  by 
means  of  springs.  The  emulsion  should  stand  out 
nowhere  above  2  mm.  from  the  fixed  edge.  It  is  as 
well  to  attach  one  or  two  spirit  levels  to  ensoie  that  the 
bame  is  vertical. 


f.o.i.A- 
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Tha  plninb'line  &lliag  on  the  plate  tKm  the  Mntre  of  per- 

syective  of  the  apparabiB  (the  Beoond  principal  focus  of  the 
objective)  ahould  moBt  the  plate  nearly  in  the  middle  of  the 
illnminated  surface ;  this  is  fulfilled  in  some  degree  with  on 
ordiiuuy  sppuatua.  The  position  of  the  point  of  intersection — 
the  "  principal  point"  of  the  photograph,  andibs  distance  from 
the  centre  of  perspective — the  ' '  pioture  distance  " — are  deter- 
mined once  for  all  before  using  the  apparatus ;  a  repetition  of 
this  determination  ia  only  neceBsary  when  an  alteration  in  the 
relative  positions  of  the  objective  and  plate  is  liable  te  have 
occurred  from  any  cause.  Small  deviations  in  the  position  of 
the  plate  with  respect  to  the  holder  can  be  accounted  for  by 
corrections  of  the  "picture  distance"  and  the  "principal 
point."  The  correctiona  are  easily  found  by  comparing  the 
actual  dimenaionB  of  the  frame  (which  should  be  chosen  as  an 
exact  rectangle)  with  the  dimensions  of  the  pioture  on  the 

If  the  plate  is  TBveised  (sensitive  side  behind)  in  the  apparatus, 
the  construction  cau  still  be  fairly  aecuratelv  carried  out,  if  we 
increase  the  "  picture  distence  "  by  the  thickness  of  the  plate, 
divided  hj  the  index  of  refraction  of  the  glass. 

The  Qeld  included  in  the  photograph  should  be  lar^e  enough 
to  enable  several  potnte  od  the  photograph  te  be  identified. 

Measoremente  on  the  negative  are  more  eihanating  te  the  eyes, 
bat  more  exact  than  those  on  the  positive  ;  in  the  latter  cose  it 
must  be  noted  that  in  the  process  of  drying  the  positive,  the 
paper  contracts,  and  may  controcta  different  amount  in  different 
directions.  This  must  be  allowed  for  by  comparing  the  size  of 
the  negative  picture  with  that  of  the  positive,  the  measurements 
being  suitably  redaoed.  In  asiag  enlargemeiite  we  must  note 
that  the  rectangular  picture  on  the  negative  may  be  no  longer 
rectengular  after  enlargement. 

The  construction  ma;  be  greatly  simplified  by  furnishing  the 
balloon  with  sixteen  to  twenty  strings  hung  at  equal  distence 
around  the  equator — plumb  lines — each  being  abont  BO  metres 
long,  3  mm.  in  diameter,  and  stretehed  by  small  bags  holding 
pieces  of  lead  weighing  about  100  gm.  each. 


Imagine  rays  drawn  from  the  point  at  which  the  p!  „ 
teken  (or  more  exactly  from  the  first  principal  fooue  of  the 
objective)  to  the  objecte  depicted,  then  the  photographic 
picture  fite  into  this  bundle  of  rays  so  that  the  pointe  of  the 
picture  lie  on  the  rays  towards  the  corresponding  pointe  of  the 
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object.  If  the  ooinoidence  U  perfect,  then  the  centre  of  the 
Tays  lies  eiacdy  in  the  poeitioii  of  the  centre  of  perapectiTe 
•ought  for,  relatively  to  the  picture.  The  perpendicular  distance 
(rf  the  focui  from  the  piotvire  is  the  desired  "piotore  distanoe," 
and  the  foot  of  the  same  on  the  picture  the  desirad  principal 
poiut  of  the  phottKraph. 

The  geometrical  startiDg-point  of  photographic  anrvejing  is, 
as  ia  clear  from  the  foregoing,  that  the  angle  subtended  by  two 
points  P,  and  Pg  at  the  point  of  eipoaure  can  be  found  by  the 
aid  of  the  picture.  In  this  sense  the  photogmphic  sarreyiug 
apparatus  replaces  the  theodolite,  while  it  has  considerable 
advantages  over  the  latter  for  mesBurementa  from  balloons  (on 
aooouut  of  the  continuous  alteration  in  the  poaition  of  the 
balloon),  since  all  the  data  for  oalculatioa  are  famished  in 
oue  and  the  same  moment.  The  desired  angle  under  vhich  P, 
and  F,  are  seen  at  the  point  of  ezpoanre  ia  identical  with  the 
angle  subtended  bj  the  corresponding  points  p,  and  n,  of  the 
piMureatthecentreof  perapectiTeG.  If  the  "picture  aistanoe" 
d  and  the  principal  point  0  on  the  illuminated  aoiface  are 
knovn,  then  the  angle  may  be  csloulated  in  the  following 

With  Oas  origin,  form  a  rectangular  co-ordinate  a;stem  ary  on 
the  picture  (ponillel  to  the  edges  of  the  picture),  and  measure 
the  co-oidinatea  (xiy,)snd  (x,^,)  [exactly  to  within  O'l  mm.) 
of  the  paints  Pi  pj  of  the  piotura.  Then  the  distances  Cp,  and 
Cpgare  respectively  equal  to  ^iP  +  a,*  +^1'  and  \JiP  +  a;,'  +  y,', 
and  the  distance  PiP^  equal  to  \/(3^-3Ti)'  +  (j/|  -  j])".  The 
desired  angle  may  be  found  from  the  triangle  p^  (W  using  the 
cosine  relation,  since  all  the  sides 
of  the  triangle' are  known.  The 
angle  may,  however,  be  more  con- 
veniently found  graphically.  We 
set  OC=d  (fig,  64),  and  at  right 
angles  to  this  the  distances  measured 


negative    Oft'-O; 


PPa'^QPa;  C?'i  =  Qi,'andC^  =  Cji,' 
appear  then  of  the  lengths  shown 
in  the  figure,  and  from  these  and 
the  len^  Fi^  found  from  the 
negative,  the  desired  triangle  and 
angle   may    be   graphically    deter- 

Fra.  <M.  On   the  other   hand   these   con- 

siderations serve  also  for  the  de- 
tenmnation  of  the  constants  of  the  apparatus.  The  anrie 
between  two  objects,  situated  at  a  distance  apart  of  at  least  100 


JeL..^ 
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value  for  the  angle  determined  photographically  most  give 

aame  value.     If   this  is      , 

not  the  cose  the  "  picture  ,  i       r  ',     ,   , 

distance"  and  the  posi-  "»'     ^t\     -"s!      h,/      / 

Uon  of  the  DrinoiualDoint       \         |        /  '     Jf^. 


\ 


1/ 


\   I  / 
\  I  / 


I  / 
I  / 


/u 


tion  of  the  principal  point  \ 
miut  be  corrected  until 
identical  values  are  ob- 
tained. The  comparison 
of  three  procmftta  ongleB 
photographically  deter- 
mined IB  theoretically 
sufficient  to  determine 
the  Constanta,  but  prsc- 
ticallj  five  or  eii  angles 
ftte  compared,  which  are 
aa  UiKB  as  possible,  and 
spread  over  the  whole 
surface  of  the  picture.  no.  ae. 

It  ia  best  to  choose  as 
objects  vertical  lines  L,  L,  .  ,  .  .  approiiimitely  in  the  hori- 
tonto]  plane  of  the  point  of  exposure,  eucb  lines  ss  comers 
of  bouses  or  chimneys,  lightning  conductors,  etc. ,  being  chasen, 
and  to  bring  the  plate,  by  s^ng  the  screen,  in  as  vertical 
a  position  as  possible  for 
the  eiposure.  Now  draw 
in  the  horizontal  angles 
as  measured  with  the 
theodolite  on  transparent 
paper ;  they  give  a  bundle 
of  rays  HL,  ....  (fig' 
6G),  and  c&aw  on  the 
other  hand  the  distances 
between  the  parallel  lines 
^  ia  ....  [the  images 
of  L,  L,,  ete.)  on  the 
pictare,  on  a  pi^oe  ofdraw-  ^^^ 

ing  paper  in  a   straight 

line  (Ega.  66  and  87).  Now  lay  the  transparent  paper  over 
the  drawing  juper  so  that  any  ray  ML  goes  through  the 
corresponding  point  I  on  the  straight  line  [fig.  68).  If  we  now 
dr»»    the   peniendicular   MN,    its    length    is   the    "picture 


H' 

\ 

i  apparatus 
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rotation  abont  an  axis  perpeDdknlar  to  tha  plate,  to  Out  the 
plate  still  lemaioa  vertical  in  its  new  positioit,  and  a  Becoad 
exposure  is  made  of  the  lines,  then  the  picture  on  the  p1at«  is 

;,        7j      Is      I*  7/        Is 

.     Fib.  ST. 

the  same  as  before,  ool;  turned  through  the  same  angle  as  that 

'  which  the  apparatus  has  be*D  turned.     In  this  way  a 
of  the  "pi  "      '-■'"-- 


thnnish 
new  dele 


"  picture  distance  "  may  be  obtained, 
—  —iB  aa  a  control  of  the  previous  one,  and  anothsi  straight 
line  IT  (parallel  to  l\  Pj  .  .  .  .}  on  which  the  principal  point 
also  lies,  whence  its  position  is  determiiied  (at  0)  (fig.  06).     In 


general,  all  these  construotionB  give  the  "picture  distance" 
with  greater  exBctness  than  the  position  of  the  principal  point ; 
on  the  other  hand,  an  error  in  the  former  is  of  greater  uaportancs 
in  applications  than  a  similar  error  in  the  latter. 

For  a  first  approximation,  the  "picture  distance"  ma;  he 
taken  as  the  focal  length  of  the  objective,  and  the  principal 
point  OS  the  middle  point  of  the  illuminated  rectangle. 

g  3.  DETEEMDJAnON  OF  THE  POSITIOK  OF 

THE  BAUJOON. 

Method  1. — The  plumb  lines  are  taken  as  the  vertical  lines. 

On  the  vhotograph  the;  are  depicted  as   straight   lines  all 

meeting  m  a  point  q  Ifig.  69),     The  ray  through  the  centra  of 

perspective  C  and  q  is  t£e  vertical  through  thi:  position  of  the 
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balloon,  the  point  Q  on  the  land,  ooneeponding  to  9,  u  in  the 
Tertical  projection  of  the  balloon.  It  it  ia  possible  to  identiiy 
o  with  Q  OD  a  map  of  the  land  photograpbed,  then  the  pro- 
jeetion  is  hereby  determined.  It  U,  however,  not  necessary,  in 
order  t«  End  Q,  to  identify  the  point  directly  ;  q  may,  for 
eiample,  lie  completely  outside  the  phntograpb.  It  is  simplest 
to  determine  Q  graphically  in  this  case,  if  we  can  identify  any 
two  points  of  the  piotuio,  on  two  rays  drawn  through  Q,  say  p, 
and  p,  as  well  as  p,  and  p^  with  the  points  P„  Pj,  P,,  and  F,  on 
the  map.  Then  Q  is  the  point  of  intersection  of  P,  P,  and 
P,  P, .     If  we  cannot  identify  any  such  points,  we  may  proceed 


a  the  phot<^raph,  and 


n  the  eleTation.     The  points 


. .      u  we  I 

Join  q  with  the  principal  point  ( 
draw  through  O  a  system  of  co- 
ordinates wnose  axes  are  Ot/  and 
the  perpendicular  to  it  (fig,  69). 
Now  measure  out  the  co  ordinates 
of  the  points  on  the  photograph 
already  identi^d  p,  Pi  .  ■  ■  ■ 
with  respect  to  this  systei  ' 

let  them  be  (x^  y^)  (x^  y^)-  ,    _ 

Drew  now  tbe  elevation  with 
respect  to  the  vertical  plane  CO; 
(C  Ming  the  eentre  of  perspective). 
Since  CO  is  equal  tc  the  "  picture 
diBtancs,"  and  Oq  is  known  by 
measurements  on  the  pbatograpli, 
the  ray  CO'  may  be  at  once  drawn  ii 

Pl  Pi  .  ■  •  ■  appear  as  tbepoiDts  p\  p',  ....  at  distances 
Jli  Vt  ■  ■  ■  ■  from  0  along  C/q"  (Eg.  70).  From  the  elevation 
tLus  drawn  the  ]>lBa  may  be  easily  obtained,  remembering  that 
the  distancen  of  the  plans  of  ^  p,  .  .  .  ,  from  the  straight  line 
0"}',  the  projection  of  O;  in  the  plan  (the  corner  of  plan  and  ele- 
vation), are  simply  z^  x^  .  .  .  The  plan  of  the  bundle  of  rays  is 
hence  found :  lines  are  drawn  with  q  as  centre  to  p^  pj  .  .  . 
and  these  are  identical  with  the  lines  drawn  on  the  map  from  Q 
to  P,  P^  ...  If  one  fits  the  bundle  of  rays  ('Pi'Pa"  .... 
in  the  map  so  that  P,  P,  .  .  .  .  lie  exactly  on  the  correspond- 
ing rays,  then  the  centre  of  the  bundle  coincides  exactly  with 
the  position  of  the  desired  point  Q  on  the  map  (fig.  71). 

Tnia  construction  will  be  very  exact  if  the  number  of  points 
p  and  P  identified  with  one  anoUier  is  not  too  small ;  it  holds 
also  for  uneien  loud. 

The  altitude  of  the  balloon  may  be  determined  by  cc 
the  angle  pfiq  by  the  method  described  in  g  2  ;  let  it  be  a, 
the  distance  P,  Q  measured  on  the  map  be  I.     Then  I  oot  o 
is  the  difference  in  altitude  of  the  balloon  and  the  point  P, 
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above  m&  leT«],  and  the  height  of  the  btilloon  above  tea  level  ia 
knomi  if  we  csa  obtain  that  of  P,  from  the  map,  either  diitctl; 

or  by  interpolatjou. 

The  following  ooDBtruction  nay  be   used  to  determinB  the 


the  perpendicular  p,  t^ 
P,  QC  and  ft  r,  C  ar 


Pi  Q  may  be  taken  from  the  map. 


Pi*", 

.,'    .■»'MlPl'-I  = 

the  elevation  and  plan  respec- 
tively, hence  the  height  of  the 
balloon  may  be  calculated. 

The  rare  case,  that  ool;  one 
plumb  Hue  falls  on  the  photo- 
graph, thuB  not  giving  the  posi- 
tion of  q,  ia  more  diffionlt  to 
handle. 

In  this  simple  method,  requir- 
ing but  little  time  to  compnte 
the  poantion  of  the  balloon,  we 
make  the  aesumption  that  the 

Jlumb  lines  are  also  vertical 
ues.  The  errors  introduced  by 
this  assumption,  which  ma;  be 
due  to  the  fact  that  the  ex- 
posure is  made  at  a  moment  when 
the  horizontal  velocity  of  the 
balloon  is  rapidly  altering,  are 
small,  but  investigations  on  this 
point  are  worthy  of  conajdaration. 
lieOvjd  2.  —  The  following 
method  is  free  from  these  as- 
Bamptions.  Let  j>i>  fs  Pi  be 
three  points  on  the  photogivpli 
which  have  been  identified  with 
the  pointH  P„  Pfc  P,  on  the 
chart.  If  it  is  possible  to  identi^ 
more  than  three  points,  then 
three  are  chosen  so  as  to  enclose 
the    largest    possible 


PiPtVf  SincetheanglespiC^yjC^B,Cp,maybeconatnw£d 
as  in  §2,  the  three  angles  at  the  apex  of  the  pyramid,  whoseapelia 
the  position  of  the  balloon  and  whose  base  is  the  triangle  P,P,P, 
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on  the  land  made  by  the  three  ndaa  (the  plute  angles 

known.     Furthermore,  the  diatancaa  P,  Pj,  P,  P„  P,  P[  on 

ground  are  easily  found 

&oni  the  map,  the  differ-  >' 

eocea    of    height    being  /         /' 

coDBiderable.  From  these  ^Pi   / 

data   the   pyramid  Disy  /      / 

be  calculaMl  out.    It  is,  /       / 

however,  muoh  easier  to  /     /' 

'ollowing 
luauuur  : —  '     ,  ^y 

Lay    out    the    three  /   /p;^  y' 

aDjjlea  subtended  at  the  /  /  ^.' 

bafloonin  a  plane,  where         ,'  /  _,>'' 

a,    e,   1  are  the  angles        // 
PiQPa.  PaCp,,  PjCji,    re-      //     ,-'' 
spectiTely(fif[,  72).   Then     ,;■,•' 
take    any    point    P',    on     *''  ^ 

CP,  and  obtain  the  posi-  q ~" * 

tion   of   P'j  by   finding  ■ 

the    intersection  of   the  Pia.  Tl. 

circle     drawn     through 

P*],   of  radius  P,  P,  (a  known  distance)  with  the  line  C^ 

In  »  Bimilar  manner  we  can  get  Ft  and  P'^,  where   P'g   F, 

e 


e  known  lengths  Pg  Pj 
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CP|,  thB  fint  part  of  the  problsm  is  aolvtd.  The  pyramid, 
developed  aa  shovn,  could  be  put  together  in  such  a  wav  that 
CP'i  aud  CF.  would  coincide  witb  one  another,  and  the  aemred 
uvramid  wonld  hare  been  obtained  on  the  scale  of  the  chart.  If 
Cfp*,,  however,  Ih  not  equal  to  CP*,,  another  point  Pj'  must  be 
cboaeu,  and  the  coastruction  repeated  until  we  aucceed  iu  making 
Crj^GP*,.  After  Bome  little  practice  success  will  usually  be 
attained  after  the  third  or  fourth  attempt,  since  the  first  trial 
Vrill  show  if  P",  mUBt  be  l*koH  further  away  from  or  nearer  to  C, 
If  great  accuracy  is  required,  then  after  a  good  approximate 
value  for  GPj  has  been  found  by  the  graphical  method  as 
deacribed,  the  corrections  which  muat  be  made  to  CP,  in  order 
to  detenniue  the  length  of  the  edge  of  the  pyramid  with  perfect 
accuracy,  may  be  determined  by  calculation  with  loganthmic 
differences. 

The  problem  treated  has  four  solutions,  of  which  two  may  be 
imaginaiy  and  one  to  three  negatiFC,  and  therefore  capable  only  of 
giving  worthless  values.  Even  if  several  po&sible  solutions  exist 
cbere  can  seldom  be  any  doubt  as  to  which  is  the  correct  one  to 
take,  as  the  mere  comparison  of  the  photograph  and  chart  gives 
enoueh  confirmatory  points  ;  if,  however,  a  doubt  still  exists,  4 
fourth  point  Pf  which  can  be  identified  with  a  point  P,  on  the 
chart  must  be  taken  iu  order  to  decide  the  question. 

The  next  step  is  to  determine  the  length  and  the  position  of 
the  foot  of  the  perpendicular  drawn  from  C,  as  the  position  of 
the  balloon,  on  to  the  base  of  the  pyramid  P,  P,  P^  If  the 
three  points  P^,  Pj,  F,  sie  at  the  some  height  above  aea  level, 
this  gives  at  once  the  perpendicular  height  of  the  balloon  above 
P,,  while  the  foot  of  the  perpendicular  is  the  vertical  projection 
of  the  position  of  the  balloon  on  the  earth.  If  F-,,  F„  P,  lie  at 
different  beigbts  above  sea  level,  a  correction  must  be  applied  to 
the  balloon  co-ordinate  so  obtained. 

The  position  of  the  foot  of  the  plumb  line  in  the  plane  P,  P,  P, 
may  be  obtained  thus: — Develop  the  pyramid  CP,PgP,  in 
a  ^ane  again  [fig.  73)  and  draw  Fj  so  that  P,  P,  =  Pj  P,  and 
P,  P,  =  P,  P„  and  the  triangle  P,  Pj  P,  is  congruent  «■■'     ■ 


base  triangle  P,  Pg  P^  Draw  the  perpendiculars  C  Hi,  C  R^ 
CEjandmakeP,  Ka  =  Pj3a,  PaR,  =  PgS,.  The  perpendiculars 
throiuh  Stand  8,  and  the  perpendicolar  CB,  cut  in  a  point  Q 
(which  gives  a  partial  control  of  the  accuracy  of  the  drawine), 
and  Q  gives  the  foot  of  the  desired  per^iendicalar  from  Uie 
balloon  on  to  the  plane  Pi  Pj  P,  in  ita  relative  position  to  the 
triangle  P,  P,  P^  If  P,  P^  P,  lie  at  the  same  height,  then  the 
figure  may  be  laid  at  once  on  the  map,  so  that  P,,  P^,  and  Pj 
cover  the  points  known  as  P,  Pj  and  Pj  on  the  map.  Then 
Q  lies  exactly  over  the  vertioal  projection  of  the  balloon  on  the 
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The  length  of  tha  pOTpendiculw  from  the  ballooa  on  to  P,  P^  P, 


of  the  ballooD  above  the  horizontal  plane  P,  PiF,- 

Let  na  take  now  the  geuenJ  oaae  and  let  the  difference  in 
■ItitudeB  of  P,  and  P,  be  Jo,  measured  on  the  scale  of  the  chart, 


and  the  difTerenoe  in  heisht  of  P,  and  Pj  be  S^  Let  the  length 
Pi  P,  (fig.  74)  be  dividedby  a  point  T,  bo  that 

P,  T:  PiP,  =  J,:  J,. 

Through  Pj  draw  a  ponJlel  Pi  W  to  P,  T  and  drop  the  perpen- 
diculars Pj  V  and  Q  U.  The  problem  ia  to  bring  the  pyramid 
C  P,  Pj  Pj  by  a  rotation  about  the  axis  P,  W  from  a  postion 
in  which  P,  P,  P,  is «,  horizontal  plane,  into  a  position  correspond- 
ing to  the  actual  differences  of  level  t^  ^"^  ^i-  '^^^  position  of 
the  apex  of  the  pyramid  C  after  the  rotation  gives  the  position 
of  the  balloon.  • 


The  angle  ^,  to  be  turned  throu^,  is  given  by 
The  co-ordinates  of  C  before  the  rotation,  with  respect  to  O 


PjV 
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After  the  rotation  the  oo-ordinateB  of  C  with  reepeot  to  P,  u 
origin,  P|  W,  the  projection  of  P,  V  on  td  the  horizontal  plate 
(i.«.  P,  V  after  rots tion)  and  the  vertical  are 
XT  ^(unchanged);  QUcos^  +  CQein^;  CQcos^-QTJein^. 

With  these  the  position  of  the  ballooD  maj  be  determined. 
The  conection  in  the  height  as  asaiust  the  ansamption  thai  P, 
Fg  P,  lie  in  a  horizontal  plane,  when  the  height  of  the  ballooa 
was  equal  to  the  height  nf  the  pyramid  CQ  =  L,  ia 

^L(l-cos,fr)-QUBin*=-L2Bin»?  -QUein*. 


Even  with  a  small  angle  ^,  i.e.  a  not  very  uneven  surlaoe, 
this  correction  may  be  important  if  Q  U  h  large,  i.e.  if  the  rays 
to  the  points  identified  cut  the  horizontal  plane  at  a  verf  a«ute 
angle. 

TbiB  second  method  of  determiniug  the  poeitioii  of  the  balloon 
has  the  advantage  of  mathematical  eiactneas,  but  the  dis- 
advantage of  being  ver;  tedious  in  its  appIicatioD. 


i  4.  OONSTBUOTIOH  OF  A  FLAN. 
The  following  geneial  law  holds  always,  if  a  picture  of  ik 


object  is  obtsinra  b;  one  or  more jiarspective  projeation 

Iffour  points  of  the  object  Pj,  P„  P„  Fj  lie  on  a  straight  line, 
then  the  corresponding  points  p„jj-,p,,  y,  of  the  image  (picture) 
also  lie  on  a  straight  line,  and  in  such  a  manner  that  the  quotient 
"double  relation"  of  the  pointa  P|,  ?,, 


*&! 
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P„  P,)  il  equ»l  to  the  qaotient  ^S  ■  ^^  (the  "  double  rals- 

PiPt    P2P4 
tion    of  the  points  ft,  ft,  ft,  y,). 

By  this  Inw  P,  caa  be  found  if  P„  P,,  P,  and  P,,  Pb  Pk  Pt  sre 
giTea.  Graphically  we  can  proceed  thus:  the  Tines  P|Pg 
and  ftft  are  laid  so  that  P,  coincidaa  with  pi-  If  P,ft  audPgft 
■    "    "        "      ■   •         .    .1     ..      ^  ^   -     .,     "aired 


Z,  then  Zpt  intersects  the  line  F,  Pi  in  the  d«eire> 
point  Pj  (Eg.  7S). 

If  the  land  is  plane,  as  il  here  assumed,  the  map  and  pboto- 
grapb  are  perspectiTe  projectiona  of  one  another.  If,  then,  four 
points  A,  B,  C,  D  and  a,  b,  e,  d  have  been  identified  on  the  two, 
then  we  can  find  any  point  £  on  the  map  which  corresponds  to 
a  point  t  on  the  negative.  Join  /,  the  point  of  intersection 
of  «  ft  and  ed,tae,  and  let  A  be  the  point  of  intereectdon  of /« 


with  be,  then  we  only  require  to  construct  the  point  H  on  the 
map  so  that  the  double  relation  of  G  C  B  H  is  equal.to  that  of 
jcbh.  Then  FH  on  the  chart  corresponds  to  fh  on  the 
negative,  and  E  lies  on  the  line  PH  A  second  line  determining 
£  may  be  found  in  an  exactly  analogous  manner,  Q  J  bdng  this 
line,  whence  E  is  determined  (figs.  76a  and  76i). 

If  it  is  desired  to  marlc  a  large  number  of  points  on  the 
picture  in  the  plan,  i.t.  to  draw  the  plan  itself  (with  the 
exception  of  a  few  points  already  determined),  we  can  nse 
another  construction — Mbbius'a  net — instead  of  that  described 

In  the  foregoing  figures,  points  lying  within  the  quadri- 
lateral abed  of  the  photograph  correspond  to  those  lying  within 
A  B  0  D  on  Che  chart,  Similarly  the  points  inside  the  smaller 
qnadrilateral  aj  e  I  correspond  to  those  inside  A  J  E  L.  By  con- 
tinuing such  mvisions  of  qaadrilaterals  we  can  always  relate 
smaller  quadrilaterals  on  the  juctore  and  chart  to  one  another 
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herebj  divided 
into  four  emalUr  triangles. 
B;  joining  E  F  and  E  Q  a 
further  diTision  is  made. 
The  diagonals  J  H,  H  K, 
KL,  LJ  continue  this 
farther,  the  connection 
of  the  poiats  of  inter- 
section of  EB  and  JH, 
etc.,  with  F  and  O  gires 
new  divisians,  and  so  we 
progreas  forward  without 


the  photo- 
e  drawn  in 
a  point  in  the  oorro- 
little  proctiot 
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traUBfemd,  thUB  Baviue  the  ueceuitj  of  the  meeli  system  being 
curled  to  too  iine  a  limit.  It  is  further  obvious  that  the 
dirision  into  tb««e  smBill  regions  can  be  carried  out  outside 
the  quadrilateral ;  the  prolongatious  of  J  L  and  J  H  cutting 
the  line  FC  in  points,  whose  juncture  with  G  will  further 
the  diviaion  of  the  region  outside  the  qoadrilateraL  Important 
controls  of  the  drawing  may  be  obtained  by  noting  that  a 
row  of  nkjsit.g.  K  H,  DB,  LJ)  cut  FG  in  one  point,  and  by 
many  aim  Jar  theorems. 

The  formation  of  the  mau  will  often  be  tendered  easier  by  the 
remark  that,  if  a  straight  line  (or  curve)  touches  a  curve  in  the 
photograph  (ae,  for  instanoe,  a  street  and  the  edge  of  a  wood),  the 


eame  holds  true   on  the  map,  and  naturally  at  corresponding 

If  the  unevenneas  of  the  land  is  to  be  taken  into  account,  at 
least  two  photographs  aie  necessary  for  tie  reconstruction. 
The  ptflblem  is  then  somewhat  more  difficult,  and  we  can  only 
just  indicate  the  solution  here.  In  the  first  place  the  position 
of  the  balloon  must  te  found,  as  in  §  3,  for  both  cases.  Let 
P„  P„  P,  be  the  three  points  identified  in  the  first  photo- 
graph. Than  imagine  a  horizontal  plane  laid  (more  con- 
veniently through  one  of  the  points),  aud  find  the  intereection 
of  this  plane  with  the  rays  from  the  balloon  C  to  P„  P^  P 


tsof 


ha  Fi,  F„  F, 


bs   applied    in    the 
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hoTuontal  plane ;  it  givee  the  point  B  for  a  point  in  ttie 
phob^Taph.  Now  repeat  the  same  prooeaa  for  the  second 
photograph,  keepiue  to  the  eame  horizontal  plane.  If  the 
point  r"  of  Uie  second  photograph  is  known  to  be  identical  with 
the  point  r  of  the  iirst,  and  if  R'  ia  the  point  oorresponding  to 
r'  in  the  horizontal  plane,  then  R  and  B'  will  not  in  genenl 
coincide.  If  they  happen  to  fall  together,  then  the  true  point 
on  the  earth,  projected  from  C  and  C  to  R  and  B'  of  the 
horizontal  plane,  coincides  with  them  both,  and  liea  in  the 
point  R  (R )  in  the  horizontal  plane.  In  the  general  case  the 
point  on  the  land  must  be  graphicallj  oonstracted  or  oalculated 
as  the  point  of  intersection  of  the  lines  C  R  and  C  R'. 

The  fact  that  these  lines  cut  one  another  actnally  in  space 
gives  an  excellent  control  of  the  whole  foregoing  construction. 

The  construction  of  a  map  from  balloon  photographs,  in 
addition  to  ita  especial  use  in  war,  may  be  advantageonaly 
employed  to  sorvay  Qat  unapproachable  land  (such  as  marsh 
land).  The  views  obtained  from  a  balloon,  especially  taken 
from  aeaptive  baUoon  where  the  height  is  not  very  great,  are 
frequent;  iusafficient  for  the  survey  of  very  hilly  l»nd. 
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A.— DEVELOPMENT  AND  ORGANISATION. 

%  1.  OEBHANY. 

lg70.  FoimatioD  of  two  balloon  detachments  in  Cologne, 
SI  Xng.  eaoh  of  strength,  1  officer  and  20  men  (Lieut.  Jaeit«D, 
Lieut,  d.  B,  Hieck).  Purchase  of  two  ballooDS  (1160 
cb.  m.  and  660  cb.  m.)  irom  the  English  seronnat  Coxwull. 
10  Sept.  Arrival  of  the  detachments  in  front  of  Strusburg. 
it  Sept.     Ascent  ouUide  Strassburg. 

10  Oct       Detachments  disbanded   outside  Paris   {ef.   Z.  f.  L. , 
'  1883.     Frb.    v.    Hagen,    OetchkhU    disr   Militar-Jfra- 
naiUiJc). 
iSflt.       Eiperiments  mitde  b;  the  Garde-Pioneer  Battalion  in 
Berlin  (Capt.  Fleck) ;  preparation  of  hydrogen  bj  the 
WBtmethcxl,    Small captiTe  balloon  builtfc/,  MiUeUvngtn 
del  IngenieaT-Camitii,  foI.  iviii.,  1878). 
Uu.       Experimental  station  for  oaptiva  balloons  equipped  by 
June,    tjie  Minister  for  War  at  the  reqneat  of  the  Fnssartillerie- 
Scbiesscbule,   i  officers    (Capt.   Bucbholti,   Lieat.   von 
Tsehudi,  Lieut.  Frhr.   ron  Hagen,  Lieut.  Hoedabeck), 
aeronaut  Opitz,  i  non-coma ,  29  rank  and  file.     Banacks 
and  workshops  at  the  Ostbahnhof  in  Berlin  (^.  I.  A.  M  , 
1900,  p.  106). 

Captive  balloons  boilt  (  "  AngrB-PeqaSna,"  112  cb.  m.  ; 
"Barbara,"  1400  cb.  m.  ;  "(Sgane''  and  "Danae"). 
These  were  eiperimented  with. 
UM.  Continuation  of  experiments.  Participation  in  the 
(booting  courses  of  the  Artillerie-Bchiesschule  and  in  an 
artiilei;  siege  practice  near  Cologne.  Officers  instructed 
217 
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in  working  free  balloons.      Balloons  built  ("Electra," 
"  Fatieitza,"  "Gatathea,"  "Haparanda"  ). 
l«gs.       Augmentation  of  Btoff  to  1  major,  1  captain,  2  lieU' 
Mar,      tenants,  1  Msistant  paymaster,  1  orderly,  34  nOL-OOma, 

Tbe  detachment  leceived  an  exercise  ground  on  the 
Tempelhofer-Feld.  Formation  of  field  balloon  stores; 
Steam  wiucli,  C/86  with  600  metres  of  steel  cable ;  hydro- 

Sm  generator,  C/6S  ;  balloon  waggon,  C/8S.     Balloons 
uilt  (  "Iduna,"  "Komatia/'and  "Lercbe"). 
Kaj,         AugmeuUtioD  of  personnel  to  I  m^or,  1  captain,  3  lieu- 
tenants,  I  aeronaut,   1  assistant  paymaster,  I  onlerlr, 
6    non-coms.,    42    men.       Designation.    "  LufCschifier 
Abteilnug"    (Balloon     Dirision).      Attached     to     the 
lailway  regiment  and  placed  under  the  General  Staff. 
Captive  balloons  sent  up  by  the  Artillerie-Scbieaschula. 
Free  voyogea.     Improvement  of  storea. 
]gg7.       Final  formation  of  a  Balloon  Diviaion  ;  Garde-Pioneer 
lApr.   nnifbno.     Shoulder-straps  marked   "L";   rifles,   1871 
pattern,   as   vfeapona.      Frequent    exsrcisee    with    the 
Artillerie-SchiesBchule 
Auc.         Participation  in  tbe  aiege  practice  near  Mayence. 
UBS.       Introduction    of    the    C/88    gas    producer,    Hsjert- 
^chter's  system  {cf.  Chapter  I.,  S  7),  and  the  steam 
wiuch    C/88.      Experiments     with     compreessd     gas. 
BalIoousbuilt("Mowe,""  Nautilus"), 
iggt.       Participation  in  siege  practice  near  Kiiatrin,  and  in 
the    Imperial  Manoeuvres   of   tbe    10th   Aimy   Corps. 
Balloons  built  ( "Orion,"  "  Pegasus,"  "Quirinus  "). 
isao.       Lighter  material  a9«l ;  iDtroduotiau  of  tbe  English 
system.     Drill  stores  obtained  for  diSerent  fortresses. 
Exercises  near  Coblonce,  in  the  Eifel,  on  tbe  training- 
ship   ifara    in    Wilhelmsbaven,   and   in  several   Corta. 
Armed  with  'SS  pattern  rifles. 

Formation  of  a  Bavarian  balloon  school  in  Hunicb. 
Personnel ;  3  officers  (Capt,  Bnig,  First  Lieat  Eollmann, 
Lieut  Kiefer),  i  non-coma.,  26  men.  Attached  to  the 
Railway  Battalion,  and  placed  under  the  inapsetion  of 
the  Engineers. 
iSfl.  Exercises  in  Jiiterbog,  and  in  Heligoland. 
1802.  Participation  in  the  manosuvrea  of  the  Garda-Eorps 
(Caiit.  von  Foerster), 

The  division  took  part  in  a  combined  movement  on  a 
war  footing. 
Armed  with  *91  |iatt«m  rifles. 
UW.       Exercises  In  Jiiterbog ;  participation  in  th«  Imperial 
MautBUVne  of  the  16th  Army  Corps.    StoiM;   balloon 
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IBM.  of  S£fi  cb.  m.  (greateat  height  sttaiaed,  1800  m.) ;  huid 
winch  i  hfdnwen  waggon  with  SO  cjlinders,  eaah  hold- 
ing 7  cb.  m.  of  gas  at  200  atm.  pressure. 

I  Oct.        Augmentation  of  persocDei  to  1  major  (M^.  Nieber), 

1  captain,  4  lieuteniLnte,  1  paymaat«r,  1  rjerk,  1  senior 
and  1  junior  warrant  officer,  B  Bergeanta,  10  non-coma., 

2  corporals,   14  lance -corporals,   1  assistant  paymaster, 
1  orderly,  101  rank  and  file. 

ISM.  Eqoiproent  of  a  balloon  school. 
tSUa;  Great  ezploaion  of  gas  cylinden,  about  400  cylinders 
out  of  a  total  of  1000  eiplddiug.  (The  NationdiieUv/ng, 
2SISI'Si ;  and  the  Ztitschrift  da  Vereins  deaUeher 
Ingeaiewn,  vol.  zL,  Nob.  2S  and  27  of  the  27ief9a  and 
the  4/7/'[>6,  give  the  fullest  details  concerning  the  in- 
Testigation  otthe  eiploded  cylinders.) 


PIQ.  n.— Oernuui  wiudt-iraggan  for  captive  ballooBt  (Ernpp). 

Experiments  with  a  kite-balloon.     Parssval-Sigsfeld's 

It.  Eite-ballooQ  in  use  during  the  manisuvreB  of  the  17tb 
Army  Corps  in  West  Prussia  (Capt.  Fophal).  Improve- 
ment in  the  field  balloon  stores. 

**6.  Introduction  of  the  "shako,"  after  trial,  for  the 
Jagers,  in  place  of  helmets.  Arms;  '91  pattern  riBes,  and 
the  infanby  aide-arms  71/84. 

The  Balloon  Detachment  was  made  an  independent 
troop  of  the  Railway  Brigade.  Official  eqaipment  of  a 
balloon  school ;  10  officers  per  annum  required  to  attend 
this.  Personnel  increased  by  two  officers  (Capt.  Eluss- 
mann  and    First  Lieut.   Gross),  who  were  to   act   as 


use.       Introduction  of  the  kita-balloon. 
1W9-       New  service  regulations  drawn  up  for  the   Balloon 
Detachment. 
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1801.  Foniuition  of  a  Balloon  Battalion  of  2  companies  and 
lOct.  a  TranBuort  Divisioa.  luBpectioii  of  the  new  barracks 
in  Bainickendorf  West,  near  Berlin  (/.  A.  M.,  1902, 
No.  2).  PeiBOnnel  :  1  staff  oMcbt  (Major  Elassmaun), 
2  chief  inatmctors,  2  coinpan;  commanders,  2  first 
lieutenants,  3  B«cond  lieutenanta,  1  surgeon,  1  pajmoeter, 

1  woiksliop  forenuui,  1  chief  gunner,  2  senior  and  2  junior 
warrant  officers,  12  sergeants,  21  noa-coms.,  32  corporals, 
inolnding  2  signallers,  227  rank  and  file,  3  labourora,  I 
aeuBtaat  paymaster,  2  non-coms,  or  lance-corporals,  about 
1 2  officers,  1  officer  of  the  sanitary  department,  3  clerks, 
802  men.  The  Transport  Division  consisted  of  1  first 
lieutenant,  1  second  lieuteuant,  1  sergeant,  1  non-coms., 
inoludins  1  armourer,  1  trumpeter,  5  lance-corporals, 
SG  men  in  their  second  year  of  service,  and  SO  men  in  their 
first  year  of  seryice  (who  were  to  be  trained  by  the 
Training  Battalion),  1  labourer,  14  riding  horses,  and  44 
draught  horses. 

A  monnted  Field  Balloon  Division  possessed  2  transport 
waggons,  12  gas  waggons,  I  winch  waggon,  officeis' horses, 

2  store  wagons,  and  a  foraee  waggon. 

Personnel :  1  diviaon  guide,  4  balloon  lieutenante,  1 
officer  of  the  sanitary  atan,  1  Bergeant-major,  3  sergeants, 
1  corporals,  12  lance-corporals,  87  men,  2  transport 
officers,  1  yeterinarj  surgeon,  1  Wachtmsister,  1  sergeant, 
4  non-coms..  0  transport  men,  61  transport  dnvers, 
1  assistant  paymaster,  1  non-com.  officer  of  the  sanitary 
staff,  1  armourer  (c/.  &t.-SqU.  /ifr  LuJUtUffer  of 
17/10/'01  ;  Berlin,  1901).  The  Balloon  BattaUon 
published  a  historic  summary,  on  the  occasion  of  the 
meeting  of  the  International  Oongress  for  Scientific 
Balloon  Expeditions — Kgl.  FreauiMhe  LiifuAifftr 
Abteilung ;  Berlin,  1884-lBOl.  In  ths  roll  of  names  in 
it  wera  those  of  21G  German,  4  Bavarian,  6  Austriazi, 
1  Swedish,  1  Roumanian,  and  1  Italian  officer. 
The  number  of  free  balloons  used  reached  29 . 

IMS.       Death  of  Capt.   Bartach  v.   Sigsfeld  at  Zwyndtwsht, 
1  feb.   due  to  a  rough  landing  after  a  voyage  in  the  balloon 
"  Betson  "  with  Dr  Linkfl. 

IMI.       Two  Wireless-Telegraph;  Divisions  sent  out  to  tbeeeat 
of  war  in  South-West  Africa. 

It06.       Formation  of  a  Wirelees-Telegrapby  Division  in  Berlin 
under  Capt.  v.  TachudL 

Two  additlDnal  Wireless  Telegraphy   Divi^ne  were 
sent  to  South- West  AMca. 
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1 2.  AtmiBIA. 


'-  Bombardment  of  Venice  with  balloon  torpedoea,  at 
the  sog^tioii  of  TJchaliiis,  an  artille^  officer,  the  rnige 
of  the  besieging  batteriea  being  inanfficient  to  bombard 
the  town. 

Hontgolfi^rea,  mode  of  writing  paper,  were  med. 
Cubical  contents,  94  cb.  m.  They  hod  at  most  a  lifdog 
power  of  31  kg.,  and  carried  bombs  weighing  15  kg.  for 
8S  minatcs. 

Each  balloon-torpedo  battalion  included  ; — - 

1  waggon  with  100  Mont+rolfi*™*- 

2  waggons  with  alwut  50  fire  buckets. 
1  waggon  with  60  projectiles. 

1  WH£gon  with  40  projectiles  and  a  wind  screen. 
Methodemployed  : — Station  chosen  on  tbe  windward 
side.  Trial  balloon  liberated ;  course  trigonometrioallT 
laid  out  on  the  chart  Balloan  with  U)mb  liberated 
after  correctly  timing  the  fuse.  The  station  was  changed 
from  time  to  time  according  to  the  direction  of  the  wind. 
Besults — some  bombs  fell  very  farourabl;  (.e.g.  one  in 
the  market-place)  ;  the  moral  influence  was  much  greater 
than  the  actual  damage  done  bv  the  shells. 

I.  OrgaDisation  of  a  Balloon  Company  for  the  garrison 
arm;  of  Vienna.  I  officer,  1  non-com, ,  SO  men  of  the 
Inf.-Rgts.  No.  27.  Preparation  ota  balloon  (IBOOcb,  m.) 
which  escaped  during  the  exercises  (/.  A.  M.,  1901). 

i.  Capt.  Sandner,  First  Lieut.  Hoemes,  First  Lieut 
Bchindler,  and  Engineer-in -Chief  Dr  Wachter  sent 
to    study   militaiy  aeronautice   in    Berlin,   Paris,   and 

I.  First  military -aeronautical  coarse  in  the  aeronautical 
stetion  by  V.  Silberer  (14/4  to  5/8).  8  officers,  2  non- 
coms.,  24  men.     48  free  voyages  and  14  captive  ascents 

I.  Second  military-aeronautical  course  (1/6  to  17/8). 
e  ofBceiB,  S  non-coms.,  38  men.     54  free  Toysges  mode. 

f.  Buildings  erected  (balloon  shed,  store-shops  for  a 
balloon  division). 

;.  Ornniaation  of  the  Imperial  Military  Balloon 
Elstablishment  (2Dth  August).  Personnel :  2  officerB 
(Capt.  Trieb  and  First  Lieut  Hinterstoisser),  4  Don- 
coDia.,  26  manners  ;  provided  with  German  fort  axeicise 
stores.  The  establishment  was  placed  under  the  First 
BMiment  of  Fort  Artillery. 

First  coarae  of  instruction  for  6  ofGcers  and  abont 
60  men.     7(>  captive  ascents,  IB  free  asoents. 
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ISM.  Feniomiel  iucreassd  by  1  artUUrjinaii,  4  ooiporalB, 
and  SS  goDnsrs.  Final  course  from  lat  Jaly  to  30th 
October.  Eierouea  bj  the  geDeral  staff  officers.  201 
captive  oscente,  20  &ee  ascents.  Pisctice  in  firing 
atlulloons. 

IBM.  StafT  increased  by  1  officer,  1  clerk,  6  men.  Final 
course.  105  captive  and  22  free  ascents.  Balloon  Fort 
Division  stationed  in  Pzemysel. 

ISM.  Capt.  F.  Hint«nrtoisser  ap^inted  CommuideT  of  the 
Balloon  Division.  Continnation  of  the  course  in  military 
ballooning.  The  Balloon  Division  took  pwt  in  the 
manranvres  near  Vienna  and  Budo-Peeth. 

igsa.  The  kits-balloon  (60D  cb.  m.)  was  intrudaced  for  the 
field  and  fort  Ballooa  Divisions.  Personnel  of  the 
MUitary  Balloon  Inatitotion  fixed  at  6  officers  and  62 
men.  ^0  oCBcers  and  320  non-coms,  and  men  ordered  to 
attend  the  military  aeronautical  conrae  for  6  months 
in  the  year.  Durine  the  course,  11  riding  horaee  and  68 
draDfcht  horses  placed  at  the  disposal  of  the  Institute. 


SS-  SVITZEBLAinD. 

As  a  reanlt  of  a  memorial  by  the  federated  General 
Staff  of  10th  (Htober  1896,  the  formation  of  a  Balloon 
Company  as  a  port  of  the  army  was  determined  apon  by 
law  on  12th  December  1807. 

The  personnel  mentioned  in  the  above  lav  -was  raised, 
by  resolution,  on  the  0th  April  1901,  and  now  consists 
of  the  following  ; — 

Organisation  of  the  Balloon  Company  in  Beme : 
1  company  commandant,  2  firat  lieutenants,  2  lieutenants, 
1  quuter-master,  I  train  officer,  1  sergeant,  1  petty 
officer,   6  guards,  10  corporals,  1   train  guard,  8  ^— " 


corporals,  1  drummer,  1  train  trumpeter,  2  shoe-smttha, 
100  soldiers,  60  trun  lance-corporals  and  men.  Total : 
8  officers,  22  non-coms.,  101  rank  and  file,  9  riding 
horses.  And  in  vehicles :  1  cable  waggon  for  a  team  of 
six,  1  baggage  waggon,  1  tool  wagi^on  (for  four  horses),  1 1 
four- horsed  oylindef  waggons,  6  single  cylinder  waggons, 
1  travelling  kitchen  and  smithy,  I  ' 
1  provision  waggn       -"  ■  ■ 

ing  91  draughthi. 

Altogether  S  officers,   188  men,   100  horses,  and  2 

The  «iercis«s  began  in  the  summer  of  1000. 
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§  1.  HOLLAKD. 


Purchase  of  bE^lDon  materiala  in  Pftris.  Concesaion  ut 
the  same  to  the  6th  Comiianj  of  Engineers  (Capt,  E. 
Quarles  van  Ulford),  which  west  through  [iracticea  in 
Utrecht  The  balloon  "  Eijiiuit,"  made  of  cambric,  had 
BDO  cb.  m.  capacity  ;  the  hemp  cable  nas  SOD  m.  long. 
Hand  winch  uaed.  (Cf.  Vereeniging  ter  Beoefening  van 
de  Krijgswttmaehap,  18K6-87.) 
The    troops    soon    built   wie   balloon    "Telegraaf" 

(ISO  ob-m.)  independently— ur--" ■ — '■:— v-n — 

aa  a  gas  sack,  and  as  an  ei] 
cai>tive  aaeents  were  made, 
materials,  see  C.  J,  Snijder's  1 
vooT  het  nederlandscke  Legtr,     Schiedam,  1887. ) 
1890.        Experiments   with  a  captive  balloon  in  Weltevreden 

13-24     near   Bat&via  (Major  Haver  Droeze  and   the  aeronaut 

Joly.     p_  Spencer).     Preparation  of  hydrogen  ia  vata. 

tl  July       Gmbarkment  for  Atschio. 

lAug,       Arrival  in  Rota  Rodja.     Arrangement  of  the  Btation 
in  Penditic.     InSatton  and  ascents  (8tb  Aoguat). 

9  Anc-  Transportation  of  the  inSatod  balloon  by  train  to  Fort 
Lambaroe.  Recannoitnng.  In  the  course  of  transport 
by  roil  to  Fort  Lamreng  (balloon  fastened  30  dl  hijih) 
the  balloon  was  damaged  by  a  tree.  Since  no  new 
material  for  reinfiating  the  balloon  waa  available,  tbe 
eiperimenta  were  concladed.  The  repaired  balloon  was 
brought  back  to  Balavja.  {Indisch  milUair  Tydschrift, 
III.,  Kr.  7-12.  Batavia,  1890.) 
ISOZ  An  officer  sent  to  tho  Military  Aeronautical  Institute 
in  Vienna  (First  Lieut  Post  van  dor  Steyer).  Organisa- 
tion of  a  Balloon  Troop.  Balloon  materials  obtained  from 
A.  Riedinger  in  Qermanj  and  from  Austria. 


lb.  BELOnm. 

I.  Balloon  ordered  for  eoal-e>i  filling  (90G  ob.  m. ),  with 
hand  winch,  from  Lachambre  of  Paris  {if.  L'A.,  1888, 
|>.  110).  Transference  of  the  same  to  Capt.  Mahanden, 
Chef  of  the  Gomiiagnie  des  ouvriers  du  ginie,  in  Antwerp 
(c/.  Retme  militaire  Utge,  1887,  vol.  ii.).  There  was 
much  diasenaion  caused  oa  account  of  the  balloon  serviee 
being  given  into  ihe  cliarge  of  this  company  [Z.  f.  L., 
1890,  p.  268). 
Formation  of   a   balloon    achool.      Chef   dn    serrke 
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■eroatatlqae.  Capl  van  den  Borren.  EiperimenlB  with 
Oodard's  hot-air  balloons, 
18B1.  ExperimenU  with  Bruce'B  signalling  halloouB  [ff. 
Z.  f.  L.,  1S9I,  aiA  AnmiaZ  Reporia  of  the  Aeronautical 
Society  of  Qreat  Britain,  1893). 
WW/M.  Dirigible  balloon  bnilt  by  the  aoronsat  Lientenant 
Lecl^ment  de  Ssint  Marcq,  for  the  World's  Fair  at 
Antwerp.  The  project  miecamed  owing  to  insufBcient 
preparation  and  experience.  (For  fnrther  details,  sM 
Atneriean  Engineer  and  RaUriiad  Jov/mal,  October 
1894.) 

g  6.  DENBUUE. 

IBOT-       FrnitleBB  experiments  with  Eolding'ii  air-ship  (Frhr. 

"11.   7.  Hagen,  Z.f.  L.,  1882,  p.  354). 

isse.  Capt.  Rambnsch  was  sent  to  England,  Belgium,  and 
Francs  to  study  aerial  navigation.  After  his  return  a 
signalling  balloon  was  built  (13  ft.  =  4  m.  diameter,  oabia 
lEO  m.  long).  Constmction  of  a  hydrogen  generator,  on 
CharleB's  ayatem,  by  the  Telegraph  Company. 

1S89.       Purchase  of  light  balloon  stores  (balloon  850  cb.  tn., 
hand  winch,  gas  generator)  from  Yon  of  Paris, 
Oot.  Commencement  of  practice  with  the  stores.     Transport 

on  land  and  water, 

ISM.  Obaervationa  on  artillery  shooting  at  4000  ells  — 
2470  m, 

isn.  ObseTFatlons  on  artilleij  shooting  at  70O0  ell8= 
4670  m.  Annual  exercises  with  Uie  Telegraph  Company 
in  the  years  1896,  1897,  1898.  Free  voyages  were  not 
Dndsrtaken.  {LsifttiallormeT  og.  Lvfisgladi  of  S.  J.  C. 
Samtasch,  Ing.  Kapt.     Copenhagen,  1898.) 

A  proposition,  many  yeara  old,  for  the  organisation  of 
a  Balloon  IKnsion,  hug  not  yet  been  carried  out. 


%■!■ 

war.       Balloon  equipment  ordered  from  Godanl  and  Sorconf  s. 
""*-      Arrangement  of  an  exercise  place  in  the  forts  at  Wax- 
holm  and  Oscar  Fredriksborg. 
1S88.       Capt.  Jaderlund  of  the  Fort  Art.  Rgt  8,  ordered  to 
!3  Apr.  Versailles  for  2  months  to  the  1  Rgt.  du  g^nie. 

igoo.       First  Lieut.   Amundaon   of  the    Q^nie    RgL   ^r.   1, 
lAnf.  ordered  to  VersaUIee  for  3  months  to  the  1   Bgt   dn 
gkaw. 
1901.       First  Ldentf  Saloman  of  the   Fort  Art   Rgt.   8,   or- 
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IKil.  dend  to  the  Amtriui  Milituy  ABioiwntiml  ImtitBte  in 
Tienna  for  3  monthB. 

The  balloon  etorea  compriBed  1  lilk  ballaon  640  cb.  m. , 
irith  aJl  acceesoTiea,  cable  COO  m,  long ;  a  gasometer 
60  ob.  nu  ;  1  gaa  eeuetstor ;  1  steam  winch. 

Personnel  of  the  Balloon  Detachment:   1  ooptain,  3 
lientananta,  2  non-comB. ,  2  corporali,  33  gannera. 
IMS.       A   kit«-ba]]oon  and  a  spherical  balloon  of  Oennan 


%&  EHGLAIID. 

Experiments  with  captive  bolloone,  to  etody  tbur 
II'  use  in  military  seirice,  at  Aldershot  (aeninant,  Corwall). 

Commission  for  aerial  navigation  called,  consisting  of 
ColoDel  Beatunont,  Lient.  QTOvet,  Engineer  AbeL 
Erection  of  an  sisenal  at  Woolirich.  Experiments  with 
coal-gas  balloons. 
I.  Decision  of  the  Ministry  to  introduce  military  balloon- 
ing into  the  array.  Formation  of  a  balloon  school  at 
Chatham.  Several  balloons  built  (at  fint  4  for  cool-^s, 
14,000  to  38,000  cb.  ft.=390to]064cb.ni.  ;  later,  some 
for  hydrogen,  6000  cb.  ft.=lfl8  cb.m.).  luTention  of 
a  light  tiansportabie  gas-generating  plant  by  Capt. 
Templer.  Method ;  passing  steam  over  glowing  iron. 
Free  voyages  undertaken. 
I,  Ministerial  decree  for  the  inatmction  of  the  24th 
Company  of  Boyal  Engineers  in  ballooning.  Part  taken 
in  all  practicee  at  Alderehot.  lonnation  of  a  balloon 
factory  and  a  Military  School  of  Ballooning.  Ez- 
periments  on  storing  gas  compressed  in  stee!  cylinders, 
and  on  the  decarbonisatioii  of  coal-gas.  Ezperiroents 
on  shooting  balloons  from  S*  Howitzers.  The  balloon 
stores  consisted  of  1  gas  generator,  1  balloon  waggon 
with  hand  winches,  1  store  waggon  {ef,  Z.  f.  L. ,  1883). 

Loss  of  the  balloon  "  Saladin,"  with  Mr  Powell,  in  the 
Channel, 
I.       Balloon  stores  (3  officers  and  S  balloons)  sent  to  Egypt. 
Arrived  too  late  to  l»ke  part  in  the  military  operations. 

Final  formation  of  a  Inlloon  establishment  at  Chatham 
Qnder  Major  Elsdale. 

M^or  Elsdale  accompanied  Sir  C.  Warren's  expedition 
to  Betschnana-Land  (Sontb  Africa).  Uany  ascents 
carried  ont  Balloon  Detachment  sent  to  the  Soudan 
under  Hi^or  Templer  and  Lieut.  Mackeojie. 

The  stores  were  divided  into  two  portions — tansport 

15       .L, 
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1S8S, .  df viuon,  oonsistmg  of  1  balloon  wag^n  with  hand  winoh, 
I  store  vsifKOUi  iiQ<l  7S  steal  Ksa-cjlindeiBOiuTisd  by  men. 
Bach  cylinder  was  2'4  m.  lonii,  0136  m.  in  diameter, 
.  thickness  of  wall  6-6  mm.,  weight  36  ka.,  contenta: 
aboat  S*6  cb.  m.  of  gas  at  a  preasuie  of  120  atmoBpheres, 
so  that  to  fill  a  ttalloon  of  1SS  cb.  m.  opacity  required 
SO-70  cyiiudeia.  The  aecond  portian  of  the  Btures  re- 
mained in  the  shipping  harbour  at  Suokim,  and  com- 
priaed  reserve  materials  including  a  large  number  of 
steel  oylindera. 

The  hydrogen  waa  prepared  at  Chatham,  compreesad 

and  forwarded  on  from  there.     On  account  of  the  difficult 

transport  conditions,  the  carriage  of  gas  in  gas  sacks  was 

BOOD  abandoned. 

Hot.         Ascents  during  the  marehes  towards  Tomai      Dis- 

Aprll.   coverj  of  Sinkat.    The  practical  application  of  ballooning 

left  nothing  to  he  desired, 
leae^.    Obserratiou  ezeroises  on  the  artillery  shooting  grounds 
at  Lydd.     Shooting  at  balloons  with  12-poundera. 

IBSS.  Compoaitioii  of  the  ballooning  stores :  1  balloon 
waggon  with  hand  winch  ;  balloons  mode  from  gold- 
beaters' skins  of  up  to  S60  cb.  m.  capacity  ;  760  m.  steel 
cable  ;  1  store  WKggon  ;  4  gas  waggons,  each  to  hold 
35  cylinders  2'7  m.  Jon^  by  20  cm.  diameter,  in  6  TOWS 
(the  simultaneous  emptying  of  3  gas  waggons  occupied  IG 
minutes ;  each  cylinder  contained  14  cb.  m.  gas  at  120 
atm.  pressure).  3  riding  horses,  12  dranght  horses. 
Besides  these,  a  steam  sspper  was  available.  Personnel 
to  be  determined  upon  as  required  (/.  A.  M.,  1899,  1). 

uw.       Formation  of  a  balloon  depSt  (Personnel :  1  inspector, 
April.    \  mechanic,  1  engineer,  6  men)  and  a  ballooning  divi- 
sion, consisting  of  1  csptain,  2  lieutenants,  1  corporal, 
1  sergeant,  23  men.     Balloon  eqmument  as  in  1388. 

1*^-  Eiperimente  on  shooting  at  balloons,  and  many  other 
experiments  on  the  application  of  balloons.  According 
to  the  lattor,  spherical  balloons  could  not  be  used  with 
a  wind  velocity  greater  than  9  m.  per  second. 

IBM/       Balloon  Section  in  Boer  War  [/.  A.  M.,  1900,  No.  1, 

>*»■  No.  2;  1902,  No.  1). 

Balloon  Section  No.  1  (Capt  Heath)  ordered  to  Natal 
(4th  November).  Fart  of  it  was,  without  material,  in 
Ladysmith  during  the  siege,  and  remained  there  29  days 
in  inactivity.  Out  of  the  iiart  not  besieged,  Capt.  Phillips 
organised  a  new  division  for  Qen.  Builds  army.  In  the 
n^t  of  18/19  January  1 800  they  attempted  to  discover 
the  position  on  the  Tugela  occavied  by  the  Boers,  wiUi 
the  help  of  search-lights.     In  use  durmg  the  battles  of 
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ino/  Vaslknuti,  Spion  Sop,  and  Springfontoin.     OntbalOth 

^^'  Fsbrnar;  the  balloon  waa  shot  down  by  the  Boer  artillBry, 
Balloon  SectioD  No.  2  (Capt.  Jones,  Lients.  Grubb  and 
Earle)  ordered  to  Cape  Town  to  join  Lord  Methaen'B 
arro^.  Ascent  on  11th  December  before  Magerafontein, 
lasting  notil  16th  I>«»mber,  when  the  anchored  balloon 
broke  loose  in  a  storm.  Accompanied  Lord  Roberta  to 
Paaideburg-  Discovered  the  position  of  General  Cronje'« 
laager  (24th  Febmary),  The  artillery  fire  wag  directed 
amongthewaggonaof  the  Boers  by  observations  taken  from 
balloons.  The  obaervations  eit«nded  over  fivedaya,  during 
which  the  balloon  waa  continually  Bred  at.  Constant  readi- 
ness for  use  during  the  inarch  of  Lord  Eoberta  to  Pretoria, 
Balloon  Section  No.  3.  (Lieut.  Blakeney)  set  off  for 
Eimberley  and  Mafeking  in  March.  Chief  use  by  Fonr- 
teen  Streams,  where  the  balloon  remained  infiated  for 
IS  days. 

itOO.  A  Fourth  Balloon  Section  (Lieut.-Col.  Macdonold) 
ordered  (14/8)  to  China  to  join  the  expedition  there, 
but  arrived  too  lat«. 

If}!.       Organisation  of  1  dep6t  and  S  sections. 

W**-       Formation  of  a  balloon  eatablishment  at  Aldershot. 

UKK.  Numerons  ascents  made  from  Aldershot  in  kites  under 
the  direction  of  Mr  F.  S,  Cody.  Men  were  frequently 
nused  to  altitudes  of  over  3000  fL  (c/.  Baden-Powell, 
"The  Advent  of  the  Flying  Ma/shixie,"  National  JUvietv, 
Hay  1906). 

g  9.  halx. 

UM.  Pnnhase  of  balloon  atoree  from  Yon'a  of  Faria,  con- 
listing  of   1  steam  winch,   with   500  m.   hemp    cable 

Sig.  70)  ;  I  gaa  generator  for  the  production  of  hydrogen 
J  the  action  of  sutpburio  acid  on  iron  Gliufn  (giving 
ISO  ob.  m.  per  hour) ;  1  balloon  waggon.  Balloon  of 
ponghfio-silk,  of  63fl  ob.  m.  contents.  Cot  in  trapeze  sus- 
pension. The  organisation  of  a  War  Balloon  Division  fol- 
lowed, the  personnel  consisting  of  1  captain  or  lieutenant 
as  conductor,  1  first  lieutenant  or  second  lieutenant,  1 
corporal  or  sergeant,  S  sergeanta,  I  trvunpeter,  40  men. 

Train:  1  sergeant  nr  corporal,  2  corporals,  30  men. 
Total — 2  officers,  bO  aeronanta,  33  transport  soldiers. 
S  riding  horses,  1  steam  winch  (2500  kg.)  for  4  horses, 
1  gas  generator  (2fl00  kg.)  for  S  horses,  1  balloon  waggon 
(2000  kg.)  fiir  4  horses,  3  aulphurie  add  waggons,  12 
horses,  3  transport  waggons  C/T6,  12  horses,  1  battalion 
oar,  2  hotsea,  2  hones  in  reserve.  Total — 8  riding,  40 
draught,  and  2  reserve  horsea. 
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Amnftenieiit  of  an  experimental  atation  ander  Qiaf 
Pecori  Geraldi,  of  the  3rd  Regt  of  Enrineera,  in  Fort 
Tiburtina  near  Bome.  According  to  the  lav  of  23id 
October  1SS7,  the  3rd  Begt.  of  Engineers  received  ■  Bpeoial 
eompan;,  to  which  w>b  given  the  charge  of  the  balloon 
semce  (Q.  de  Bossi,  la  Locometione  aerea  applicaxioni  in 
Itmpo  di  gv«rra.     Lanciano,  1887). 

Successful    participation    in    t' 


coDteuts  i«ap«ctivel;,  and  200  steel  oylindete  of  ci 


na.  79.— Steam  wlnoh  tor  nptlrs  balloons  (Yon). 

pressed  gas  ft^m  Nordenfelt's.  Two  silk  balloons  of  260 
cb.  m.  and  310  cb.  m.  contents  ordet«d,  in  addition  to 
several  smaller  balloons  of  GO  cb.  m.  oontonte,  a  htuid 
winch,  and  stadonaiy  gas  generator,  fioia  Paris. 

OrganieatioQ  of  a  Light  Balloon  Division  for  Abyssinia 
under  Count  Pecori.  Sailed  on  1th  December  (6  officers, 
1  sectione  of  engineers).  A  fixed  station  erected  in  the 
OTt  Abd-el-Kader,  near  Maasaaa,  with  arrangements  for 
preparing  and  compressing  gas. 
ivei.  Expeditian  to  the  interior.  Stores  consist«d  of 
'an.      1   bafloon  waggon  with  hand  winch,  40  gaa  cylinders 

loaded  on  20  camels. 
Wtb  Arrival  at  Saati.      Saocessfnl  asMOt  to  a  height  of 

BOOm. 
IBQO.      Participation  of  «  ballooning  seotion,  of  abnigtb  S 
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offieen,   6S  men,   G  waggoiu,   and  23  horaaa,   in    ths 
maiUBUvrea  (c/.  v.  Lobell'B  Jahraberichte,  1892). 
''       Participation    bj  8    b&Uoon    seatious    iu    ths.  I0J»1 
mancBuvreB  near  Aqoilai. 

(Tr^nisofion,— Fort  BtDreB(paTco  dafortozza):  balloon 
10  m.  diameter,  ofvarDistied  silk  (528  ob.  m.).  Carter 
2  observers,  trapeze  suBpenaion,  hempen  cable  506  m. 
in  length,  telephonic  connections. 

1   balloon  waggon  ;   1  hand  winch ;   1   portable  goB 

Crator,  Yon'a  system,  giving  100-120  ch.  m.  per 
;  material  necessarr  for  the  piodaotian  of  1  cb,  m. 
hydrogen :  8  kg.  iron  filings,  9  kg.  Bulphnric  acid,  SO 
litres  water. 

Field  stores  (panw  da  campagDs) :  1  balloon  waggon  ; 
1  hand  winch ;  6  gas  waggons,  each  with  30  gas  c;hnders 
"••"   —     long,   146  mm.   diameter,   weighing  40  kg,, 


and  holding  87  cb.  m.'  hjdr<wen  at  12d'atmT  pressure, 
'i  equipment  iiad,  further,  2  echelons 
cjlindera.      Balloon   filled  from  B 


In  addition,  e 


waggons  in  IJ  houn  (c/.  MamuUe  per  rUffidaU  del  genio 
in  gaerra,     Rome,  1896). 

ino.  Introduction  of  kiCe-ballooDs  for  eignaUing  parpoeee  in 
the  navy, 

IMl.  Introduction  of  a  kite-balloon  of  the  PaTBeval-Sigsfeld 
type  (600  cb.  m.),  obtained  fiom  A,  Riedinger  of 
Aiunbuig,  for  the  balloon  stores. 

IMS.  Tbe  organisation  of  the  Balloon  Troops  was  at  length 
eompleted.  In  case  of  war,  6  light  and  2  heavy  balloon- 
ing seotioni,  with  in  all  22  officers  and  628  men,  are 
available. 

§10.  FBAKOE. 

ITW.       Qinmd    de    Vilette  ascended  in   the  captive  Uont* 

>  Oct.    golfiire  from  the  Eue  de  Montreuil,  and  wrote  on  the  20tji 

November  concerning  the  ascent :    "  D^  I'inetont  je  fiu 

conraingu,  que  cette  machine  seroit  tr^s-utile  dsns  line 

ann^e  pour  dteouvrir  la  position  de  celle  de  I'ennemi,  see 

mancenvres,  seB  marchea,  ses  dispositions,  et  lea  announcer 

pardes  signaui.     Je  erois,  quen  mer,  il  eat  figalement 

possible  avec  des  precautions,   de  se    eervir   de    cette 

machine." 

vm.       Quyton  de  Morveau  pcopoeed  to  the  Convention  the 

U  Aug.  Qse   of  captive  balloiniB  in  war.     A  commission  woa 

appointed  to  carry  out  trials  in  the  Jardin  dca  Fenillants 

in  the  Tnileries. 

SB  Got      Decision  of  the  Convention  tit  use  Ihe  balloon  iin< 

-;Ic 
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mediatelj,  in  the  Mob«11s  armj  tuider  Oeneial  JounUu 
(Ci^t  Coutslle,  Lieut  L'homond). 

UHoT.      CbutallB'B  proposilB  for  improveniBnts  wore  Me«pt«d 

by  the  CoDTeotioD  at  the  suggestion  of  Carnot.     Coat£ 

was asBoeiatad  with  Coutelle,  and  Meudon  decided  upon 

u  the  site  for  the  experimenbil  station. 

IJM.       Focmation  of   a    Balloon    Diriaion   to   provide   the 

s  Apr.  necessary  staff  and  stores,  as  well  as  to  cany  out  further 
ezperimeiile  at  Meudon  under  Cont^'s  direction. 

iJnne.  Blrst  ascent  bj  the  lat  Company  of  A^roetien  near 
Manbeuge  (Capt.  Cotitelle,  First  Lieut,  L'bomond. 
Balloon:  "rEDtrepTenant,"27ft.  diameter,  or  about  SOO 
cb.  m.  oont«Dta). 

ii  June.  The  Balloon  Divi^ou  in  Mendou  was  broDgkt  np  to  the 
staff  of  a  company  (Company  of  A^roatiers). 

M-S5         Ascents  near  Cnarleroi, 

a  Jrnie,    ^Bc^nt  during  the  battle  of  Flearos. 

14-18         Experiments  by  the  1st  Company  of  A^rostien  with 

"•I*'  the  cylindrical -shaped  balloon  "Mortial"  in  Bruasela, 
March  through  Liittich  to  winter-quarters  in  Burt- 
scheidt; 

SI  Oct,  The  committee  of  public  safety  founded,  at  Contelle's 
Bumestion,  "  L'Ecoie  nationals  a^rostatique  de  Meudon," 
Dnder  Couth's  direction,  to  serve  to  furuish  the  troop« 
with  recruits  and  to  provide  their  arsenals  with  balloon 
stores.  The  school — Director  Cont^,  Assistant-director 
Bouchard — accommodating  60  a£rostiers  divided  into  8 
sections  of  20  men  each  ;  each  section  had  I  lieutenant, 
_  1  sei^Mnt,  2  corporals,  1  drummer,  and  1  magadne 
*  stewud. 
1T95.       Mobilisation  of  two  companies  of  a^roatiers  under  the 

as  Mar.  direction  of  Coutelle,  recalled  from  Burtscheidt.  Ooutelle 
was  appointed  Chef  de  Bataillon  and  Commandant.  The 
personnel  of  each  company  was  increased  to  1  captain,  2 
Iteuteuants,  1  lieutenant- quartermaster,  2  sergeants,  1 
veterinary  BUi^eon,  3  car]iOi'alB,  ]  drummer,  14  men. 

1st  Company.  —  (Japt.  L'homond,  Lieut.  Plazanet, 
Lieut,  OaQcel,  Quartermaster- Lieut,  Variety  Balloons: 
"I'lntr^pide,"  "I'Heroule." 

2«(i  Company. — Capt  Delaunay,  Lieut.  Merle,  IJeut 
De  Selle  de  B«auchamp,  QuBrtermasUr-Ident.  DeBchard. 
Balloon:  "I'Entreprenant" 

April,  The  2nd  Company  proceeded,  nnder  Contelle,  to  join 
General  Pichegni's  Rhine  army  ;  arrangement  of  th* 
""     ""    ~    Kremnaoh.      ABOents   during   the    siege    of 

iaterb: 
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ITM.  The  I  Bt  Compaiiy,  witli  General  Jourdan's  uwy,  made 
ascenU  in  front  of  Andemach  and  Ehreiibieitbtein  {1-7 
Au^st]  and  vere  taken  urisoDera  bv  Duke. toad's 
AuBtrian  anny  »t  Wurzbuix  Mth  September). 

The  2iid    Compasj,   with    Qeneral    Moresn's  army, 
marched  from  Molsheim  i/E,  through  Strassburg,  Rastadt, 
Stutt^rt    (ascent),     Donsuworth    (reconnoiiring),     to 
Augsburg.     On  the  return,  through  Raatadt,  they  went 
to  Molslieim,  where  tljey  remained. 
ITST.       Capitulation  at  Loeben  (7th  April).    (Oen.  Bonaparte.) 
1'he  iBt  Company  was  releaaed  from  captivity. 
The  2nd  Company  lay  inactive  in  Kupprechtsau,  near 
Stiaseburg  i/E. 
me.       The    1st   Company,   including  Contelle  and    Contd, 
ordered  to  Ef^pt     Deatruction  of  the  balloon  mateiials 
in  the  naval^ttle  near  Abukir  (let  and  2nd  August). 
The  A^roetierB  sent  up  seTsral  Montgolfi^res  from  forts  in 
Cairo  (22/9  and  11/11,  1768,  and  14/1,  179S),  and  wen 
otherwise  in  requiaition. 

(Cf.  Baron  Marc  de  Yilliera  du  Terrage,  La  Afnatien 
mililaires  ta  £gypte,  camp,  de  BojiapajU,  1798-1801. 
Paris,  1901.) 
ITW.       Disbandment  of  the  balloon  companies  according  to  the 
IS  Jan.  following  decree  :— 


Ls  Ministre  de  la  guerre. 
An  g^njral  en  chef  de  I'l 


qui  Bupprime  les    Compsgnies   d'Aerostiers,  

invite  \  donner  des  ordres  poar  ijue  cet  airSti  soi± 
eiecntj  k  regard  de  la  2"  Onnpagnie  d'Aeroetiera,  qui 
Be  trouve  k  I'arm^,  que  vona  commandez. 

Saint  et  Fraternity, 

MlLBT-HDItEl.U. 

Ampliati<m. 

Eitrait  dea  Bedstree  du  Directoire  Ei6nitif,  du  Tingt 
nenf  Pluviftse  de  I'an  TII°  de  la  Hepublique  Fraps^iae, 
une  et  indinsible. 

Le  Directoin-Ez^taf,  enr  le  npport  dn  Ministre  de 
la  guerre,  arx§t^ : — 
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Arf.  1. 
IfW.       LeB  officien,  Soosofflciers  et  soldata,  dea  CompagniM 
"  ^*'*  d'Aeroatien,  Beront  anpprim^  k  la  date  dn  l"  germinal 
prochain. 

Arf.  2. 
Les  Boldats  d«  1'i-ge  de  la  T^oisition  oh  da  k  oon- 
Mription  attach^  k  ccs  compagnieB  Beront  de  enite 
incorpoT^  dana  les  Batailloaa  de  Sapeure  lea  plus  k 
pcTt^  du  lien  d«  ganuaoQ,  ceux  que  ue  serout  ni  oon- 
tcripta  ui  r^qoiaitiomiaiiea  seront  librea  de  se  letireT  dana 
leofi  foyers. 

ArP.  S. 
Les  SontoScien  dea  compagniea  d'Aerosldera  seront 
^M^  dana  leura  grades  k  la  snite  des  nonvelles  demie 
Brigadea,  a'ila  n'aiment  mienz  se  retirer  dana  leura 
fojMB,  daue  le  oaa  ob  lis  ue  asraiettt  ni  oonacripti  oi 
r^Qintionnaires. 

Arf.  I 
n  aoa  atatni  ear  le  traitemsnt  de  r^forme  des  officien. 

Air.  6, 
Le  MiniEtre  de  In  guerre  est  chugi  de  rezeaation  dn 
present  airSt^,  que  ne  sera  pas  imprim^. 

Pool  EiLpWition  confonne : — 
Lb    Pr^d'.    dn    Directoire-Ei^cutif,    8ign£    L.    M. 
BeTetllera  -  Lepeaox  ;    Par    Ic    Direct«ire  ■  Ez^d^,   le 
Seor^ire  Q£n^ral,  Sign ^  Lsgaide. 

Pour  copie  conforme, 
Le  Hiniatre  de  la  guerre, 

MlLET-MlTNBAir. 


>■  Lieut.  Godard,  engaged  for  tbe  Campaigo,  made 
ascenta  in  a  small  HontfioIG^re  in  Milan,  Grorgonzolo, 
Castenedolo,  and  CastigTione.  In  Castjglione  be  de- 
tected an  attempt  of  the  adversaries  to  delay  the  advance 
of  the  enemy  by  driving  tbe  Bocka  towards  them  aud 
thus  blocking  all  the  roads.  Lat^r  he  made  ascents 
at  the  blookade  of  Feschiera. 

I,  Organisation  (4th  September)  of  8  captive  balloon 
stations  in  Pana  under  Col.  Uaquin ;  Nodar,  on  the 
Place  Saiflt  Pierre — "Le  Neptune";  Wilfrid  de  Fonvielle, 
in  tbegss-worksatTangirard — "LeCdeBte,''750ob.m.  ; 
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).  Eugen  Oodaid,  on  the  Boolevard  dea  lUlieua — "  Ville  de 
Florence." 

Small  balloons  with  soldiers'  letters  sent  awajr  flrom 
Metz  (ISth  and  17th  September)  Letters :  light 
tickets  6  X  9  sq.  cm. ,  each  balloon  taking  SOOO. 

OrMniBation  of  the  beJloon  post  in  Paris  b;  Glenenl 
PoBt-Director  Eampont.     Between  23Td  September  1S70 
and  28th  January  1S71,  fl5  balloons  carrying  1S4  persona, 
S81  carrier pigeoDB,  G  dogs,  tLndlO,S75  kg.  post  material   - 
left  Paris. 

The  balloons  were  prepared  by  Eugene  Godard  on  the 
Orleans  Station,  and  by  Von  in  conjunction  with  Cunille 
d'Artois  on  the  Nord  Station. 

Size  of  balloons,  2000  cb.  m.  Material — varnished 
cambric  Ten  hours  after  the  inflation  had  still  500  kg. 
lifting  power.  Each  balloon,  including  the  remunera- 
tion of  the  aeronaut,  coet  4000  francs. 

(Of.  Steenackars,  Lea  Tiiigrajihea  et  lea  Posta  pendant 
la  guerre  de  1370-71  (Paris,  1883) ;  G.  Tissandier,  En 
Batlim  pendant  le  siege  de  Paris  {¥a,iiB,  1871). 

Before  sending  away  each  balloon  the  meteorologist, 
Hwvi  Mangon,  was  consulted. 

Ballooa  /eUer«. —Usual  weight,  i  gm. — postage,  20 
oenttmos  ;  carte  poste,  1 1  cm.  long,  7  cm.  wide — postage, 
10  centime*  {Journal  Offitiel  de  Parii,  27/9/70). 

IntroductioD  of  the  microphotographical  pigeon  poet 
despatches,  for  cloudy  weather  (lOth  NaTember).  Cards 
for  replies  to  four  queatious  to  be  answered  with  Yes  or 
No.  Printed  cards,  6  centimes  ;  postage,  I  franc.  Words 
despatched,  50  centimes  each. 

Out  of  302  pieeons  sent  back  to  Paris  GE)  reached  their 
destinations  wim  despatches.     The  microphotographical 


A  film  38  K  60  mm.  in  size  contained  2500  n 
The    pigeons   nsoally    carried    18    films   with    40,000 
messages. 

24S  official  and  671  private  despatch  films  were  sent 
away  from  Paris  in  61  Kather  quills. 

The  numbers  of  persons  engaged  in  preparing  the 
messages,  etc,  in  Paris  numbered  67. 

SG.GSl  telegrams  were  received  in  the  provinces,  of 
which  more  than  00,000  reached  Paris.  The  receipts 
for  the  same  reached  the  sam   of  432,524  francs,  60 


.Google 
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LiBT  or  Balloons  v 


Ascent. 

Name  of  Balloon. 

q  a 

Dat<L 

■Bme. 

Rwe. 

28/B 

8      &.m. 

Montmartre 

Le  Neptune 

1200 

26,. 

11 

La  VUle  de  Florence 

1400 

29  „ 
80  „ 

10,80    „ 
9-30    „ 

La  Villette  Gas- 
workB 

Vangirard      Qot- 

L'Hirondelle 
(LeaEtateUnis) 
Le  Celeste 

800 

640 
780 

7/10 

11 

Pl«!e  Bt  Pierre 

L'Armaiid  Barbfe 
Le  George  Sand 

1200 
1200 

9  » 
12  „ 

2.45  p.m. 

9      a-m. 
8.30  p.m. 

L>   TtlUtte  Gob. 
vorks 

OrleanB  Station 

(Unnamed) 

Le  Lonis- Blanc 
Le  Washington 

1200 

1200 
2000 

1*  •. 

ID      A.m. 

Le  Godefroy-CaTaig- 

aooo 

1      p.m. 

Le  Guillaume-TeU 

2000 

Ifi  .. 

7.30  iu.n.. 

Le  Julea  Fayre 

200O 

18  ',', 
1»  „ 

9-60    „ 
12  noon 

e.ie>.m. 

JardiD  des 
Tuileries 

Orleans  Station 

Le  Jean  Bart 
Le  Victor  Hugo 

versdle  (Le  Lafay- 
ette) 
Le  Garibaldi 

Le  Vsuban 

2000 
2U00 

2000 

22  „ 

26  „ 

27  .. 

11.30    „ 

8.80    „ 
9 

Jardin  des 
Tuileries 
Orieans  Station 

2000 

2000 
2000 
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LETT  Pabis,  1S70'71. 


Balloon 

■s| 

h 

Time  and  Placs  of  Landing, 

Condoctor. 

q 

P 

and  Bemarlcg. 

Daniof 

125 

11   &.». ;    CraMmvills  near 
Evranx. 

Umpn 

1 

8 

150 

(S.  etO.). 

LonUOodard 

1 

4 

80 

lp.in. ;  UauteaCS.  etO.). 

Q.TiBsandier 

... 

= 

SO 

Noon;     Drenz     (Eore-et- 
tiona  out 

J.  Triohet 

« 

IB 

100 

3.30  p.m.!  MondidiMj  Gam- 
betta  was  wounded  in  the 

hand  over  Creil. 

J,  BavllliDd 

3 

18 

i  p.m.  1  Crem^r;  near  IUi;e 
S.15  p.m.  ;'  Fert  ds  la  Conr- 

lUciii« 

2 

Faroot 

1 

8 

126 

Nwnr'Beelftre  in   Belgium. 

BerUux 

2 

25 

300 

About   midnight;    Carni^reB 

near  Cambrai. 
About  4  p.m. ;  Brillon  (Meuse). 

Qodwdpin. 

3 

6 

200 

A.TUB.Ddier 

2 

10 

300 

In  tha  night;   Montpothiet 

ncM  N«^nt-nir.8eine. 
Noon;     Foix     de    Chapelle 

L.      Godari 

8 

6 

195 

jeune 

(Belgium).                      . 

Labodie 

2 

i 

300 

N>dd 

fl 

110 

6.80  p.m.  ;   Vanbfcourt  near 
Bar-lB-Duo. 

JOSSBC 

2 

6 

800 

ll.SO     a.m.  ;     new     Eooroi 
(Aidennea). 

Igl«n» 

1 

8 

450 

1.30  p.m.  ;  Quinor-Segy  near 
Meaux  {Seine-et-Manie). 

Giullaimi« 

1        2 
2 

2 
28 

360 

270 

1  p.m.;Holligemberg(Holland). 
1  p.m.  ;  Verdnn  (Menae). 
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ABcent. 

l» 

Name  of  Balloon. 

S^ 

Date. 

TtalB. 

Place. 

27/10 

12II0MI 

I*  Vaiette  Gm- 
workB 

Ia     Bretagne     {La 

1660 

29  » 

i2    „ 

Noid  SUtion 

Le  Colonel-Charraa 

aooo 

2/11 

8.30  a.  to. 

OrtesDB  SUtJon 

LeFoIton 

2000 

*  ,. 

> 

Nord  SUtion 

2000 

. 

2      p.m. 

Le  Qalilie 

2000 

6 

8 
12 

10      &.1U. 

8.30    „ 
9.16    „ 

Orlwwii  Station 

La  Villa  deCMtcan- 

dUD 

La  Gitonde 
LaDagQerre 

LaNiepce 

2000 

2000 
2000 

2000 

18 

11. 15  p.  m. 

Kord  Station 

Le  QiDiM  Uhrieh 

2000 

21 

1       a.m. 

Orleana  Station 

L'ArehimMe 

2000 

24 

11.10  p.m. 

Hold  Station 

La  Ville  d'Orl&tus 

2300 

10      a.in. 

Vangirard      Oas- 
Orleans  Station 

L'Egalit^ 

8000 

28 

11      pm. 

LeJacqnard 

2000 

80 

11.30    ., 

Nord  SUtioQ 

LeJnleaFaTTeNo.  2 

2000 

1/12 

6.15  ft.  m. 

La  Bataille-de- Paris 

2000 

2  „ 

e 

Orleuu  Station 

LeVoIta 

2000 

JfoU.  -On  21et  November 


ON   WUTARX   BAUOOMtKO 


Balloon 

4 

1^ 

Time  mud  Place  of  Landing, 

Conductor. 

^1 

|l 

>ndIUm»rk8.         '^ 

CuMti 

8 

Sp.m.;Dep.MeiiBei  balloon 

taken  prisonera. 

QiUM 

e 

130 

6    p.m.  ;    Montign;   (Haute 

' 

6 

860 

2.8o'™'in.  i     La   Jmnelliii. 

(Marne-et-Loire). 

Vidml-LoisBet 

1 

0 

150 

i  p.m.  ;  near  Chatoau-briant 
(Loire-inKrieure). 

EnMon 

1 

6 

100 

6     p.m.  ;      near     Chartm ; 
eacaped. 

Boso 

8 

4GG 

3  p-m. ;  Grainville  (Enre). 

GJky 

3 

a 

60 

Jnbert 

2 

so 

260 

11  a.m.  ;  Jossigny  (Seine-eb- 

Harne) ;  captured. 
2.80  p,m, ;  Vitry-le-Fr«ncoia 

PiW^o 

4 

D»gron 

PhoiW 

(Mame). 

LemoiDe 

^8 

S4 

80 

10/11,    8    «.!□.  ;    Idizarclie* 
(aaine-et-Oiae). 

J.Bnffet 

2 

B 

aoo 

6.40   a.ni.  ;    GaateM    (Lim- 
bourg),  Holland. 

BoUer 

1 

S 

2S0 

2B/11,  2.26  p.m.  ;  Moot  Lid 

(Norway). 
2.16    p-m.  i    near    Louvain 

WUMd     de 

i 

12 

FoaTielU 

(Belgium). 

Prinoo 

250 

Seen    at    Plyraontk       Die- 
yiif^'t^m.  :  Bella  We- 

Martin 

1 

10 

100 

en-Mer. 

Poirrier 

2 

12  noon  ;  Grand-Champ  near 
VaQnes(Morbihan). 

CKapdain 

1 

11.30  a-m.  ;  Savenay  (Loire- 

Jan«n 

inffirieare). 

private  carrier  pigeons  were  taken. 
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List  of  Buj^ohb 


ABceut. 

D.te. 

Time. 

Flaoe. 

6/12 

1      a.m. 

Orleans  Station 

LeFrsnldin 

2050 

'  .. 

« 

Nord  SUtion 

L'ArmdeHie-  Bretagne 

2000 

8  „ 

■11  .. 

1 

2.15     „ 

OrlealiB  Station 
NonJ  Station 

Le  Denis- Papin 
Le  GWn^ral  Eenault 

2000 
2000 

16  „ 

4.*6    „ 

Lb  Ville-de-Paris 

2000 

.17  „ 

1.16    „ 

Orlsans  Station 

Le  Farmentiei 

2060 

1.80    „ 

UGuttembeig 

204B 

18  „ 

6 

LeDavy 

1200 

20  „ 

2.80     „ 

Nord  Station 

Le  G«n^l-Chanz7 

2000 

22  „ 

2.80    „ 

Orleans  SUtion 

Lb  LavoiaiBi 

2000 

28  „ 

4.80     „ 

Nord  Station 

LeDfliverancB 

2060 

2*  „ 
27  >, 

8 
* 

Orleans  Station 

Le  Boiiget  de  d'lale 
LeToDirille 

2000 
3046 

28  „ 

* 

U  Bayard 

2046 

SO  „ 

* 

Nord  Station 

L'Ann&-d«-la-Loiw 
U  MBrlin-de-Dooai 

2000 

2000 

1871 

4/1 

* 

Orleans  Station 

LeNavton 

2000 

9,. 
10  „ 
11.. 

3.16    „ 

* 

S.80    „ 

Nord  Station 
Orleans  Station 

Lb  DnqnBsnB 
LeGambetta 
Lb  Kepler 

2000 

2000 
3000 
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Balloon 
Conductor. 

0, 

U>rcU 

1 

Sarel     ds 

Dom&Un 
Joigneroy 

1 

2 

Del<uii>me 

2 

Panl 

2 

Pemclioii 

S 

Chanmont 

1 

Werecke 

3 

Ledret 

1 

Qauohet 

1 

Jahn 
Muntet 

2 

Bichard 


'Hme  and  Place  of  Landing, 


S  0.10.  i  aetx  N*Dt«»  {Loire- 
iaUriexae). 

2  p.Tn. ;  B«uill<  (Deui-Sivras). 

7  a.m.  ',  near  Mana  (Sarthe). 
S.30  a.m. ;  BaUloUt  (Seine- 

iar^rieure). 
1   p.m.;   Wet»Ur  (Pnwsia); 

captured. 
Sam.;  0«ni^au^n  near  Firs- 

Chompenoue  (Mams). 
90.111.;  Mont^pT«nx  near  Fire* 

Chompenoisa  (Mame). 
12  noon ;  near  Beaune  (C6t« 

d'Or). 
10.4C>     a.ni.  ;      Bothenbnrg 

(BaTaria) ;  csptared. 
S  a.m.  ;  Beanfort  (Malne-et- 

11.4EB.m. ;  LaBoohe-Baniard 

(Horbihkn). 

9  a.m.  ;  Alenfon  (Ome). 

1  p.m.  ;  Evmoatiers  (Hants- 
Vicnne). 

10  a.m.  ;  Lamothe-Acbud 
(Vend^J. 

1  p.m.  1  in  Gen.  Chanzy's 
camp  nou'  Le  Mans{8arthe). 

11. 4E  a.m.  ;  Hassaj  naar 
Vierson  (Cher). 

12    noon;     Dignjr   (Bnre-et- 

3  p.m.  ;  Berzieni  (Mame). 
2,80  p.m.  ;  Avallon  (Tonne). 
10.1Ba.m.  ;  Laval ( Mayan ne). 
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List  at  Balloons 


Ascent. 

1 

Name  of  Balloon. 

Date. 

Time. 

PliMje. 

la/i 

8.80  ».m. 

Kind  Station 

LeOen«ialFaidlieTb« 

2000 

H>, 

L     p.m. 

OrleaM  Station 

UMonge 

2000 

16  „ 

3      >.m. 

Le  Vanoanson 

2000 

18  „ 

7 

Nord  Station 

Le  Steenaok«ra 

2000 

18,. 

8 

Le  PoBte-de-Paria 

3000 

20  „ 
22  „ 
34  „ 
27,. 

G 

3.80    „ 

Ost  St^tJOD 

Nord  Station 

Lb  Oiuinl  Bourbaki 

LeG^nfiralDatimesml 

Le  Torioelli 

Le  Richard  Wallace 

2000 
2000 
2016 
2000 

28,, 

9 

Ost  Station 

Le     General     Cam- 
bronne 

2000 

I  Dupny  de  L6me,  marine  engineer,  received  an  order 
to  bmtd  an  ab-ship  for  the  traffic  conimnnication  of  the 
Government  with  the  outer  world  ;  40,000  fKinca  were 
allotted  to  him  for  this  purposs  {Jmith.  0£ieiel,  28/10/'7O), 

The  brothers  G.  and  A.  Tisaandier  attempted,  in  Nov- 
ember,  to  joTirney  by  balloon  from  Rouen  to  Parts  with  a 
favourable  wind. 

The  Government  at  Toura  organised  a  Balloon  Division 

(December)  from  among  the  aeronauts  who  had  succeeded 

in  leaving  Paris.     Two  divisionB  were  formed  under  G. 

Tissandier  and  J.  Revilliod,  each  with  150  soldiers   of 

'  the  guard  and  2  balloons. 

Arrangement  of  the  et^re?  (undet  Pmnof  and  Mangin) 
in  Tours. 
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BaUoon 

4 

Ji 

!? 

TimeandPIaMofLwdiDg, 

Conductor. 

sl| 

«1 

and  Remarb. 

Van       Sey. 

1 

2 

80 

2  p.m. ;  Saint  Avid-de-Sonlige 

•{Gimnde). 

Rooul 

2 

8    a.m.  :    Arplieuilles    near 

de  I'lndre). 

Clariot 

2 

8 

76 

10,16 a.ni.  ;  near  Annentiire* 

(Belgium). 
11  a.m.  ;  Hynd  on  the  Zuy- 

Vibert 

1 

1 

Dyna- 

mite. 

deraee  (Holland). 

Turbiuux 

2 

S 

70 

Evening  ;   Venray,   Limburg 
(Holland). 

Mangin 

1 

180 

11  a.m.  ;  near  Reims. 

Robit 

s 

280 

8  ».m.  ;  Charleroy  (Belgium). 

My 

3 

230 

11  a.m.  ;  Fumochou  (Oiae). 

L«4ze 

S 

220 

Seen  near  NiOrt  and  Angon- 
Igme,  and  finally  at  a  con- 
siderable height  above  La 
Roohelle  going  towaida  the 
ocean ;  lost. 

1  p.m.  ;  near  Uayenne. 

Tristan 

20 

A  "CommiBsion  dea  a^ioetatt  militairea"  called  Tuder 
Col.  Laussedat  to  study  ballooning. 

Buratiugaiiddisaatrousdeacent  of  one  or  the  ballooiu, 
'    "I'Univers,"  belongini;  to  the  Commission, 

Formation  of  a  Balloon  Diviaian  in  Mendon :  1  offloer 
(Capi  Renard),  1  sergeant,  1  pioneen,  1  oiril  aeronaat 
(Adrien  Dat4-Poitavin),  1  baBket-maker.  I^ter,  Capt. 
de  la  Haye  joined  aleo. 

Slorea.—OiK  balloon,  "La  Sentinelle."  Renard  de- 
vised  his  method  of  suspending  and  fastening  the  French 
captive  balloon  (fig.  84). 

16 
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I.  On  Qombettft'a  propositi  on,  200,000  fraocB  wen  sUottad 
for  the  proTiaion  of  a  nBvignblB  »ir-ship ;  but  only  50,000 
fraoca  were  offered  for  this  parpose  by  Col.  Laiusedtit. 
Capt.  Erebs  took  the  place  of  Ciipt.  dela  Hays. 

I,       luspectioa  of  Meadon  by  Gamb«tta.     Coustniation  of 

'-  Order  to  provide  8  captive  balloon  stores,  and  to  form 
the  same  number  of  balloon  aections,  and  to  build  a 
navigable  balloon.  Capt.  Paul  Kenara  attached  to  the 
section.     Inoreoae  of  personnel.      Improvement  of  all 


1880/E.  Buildings  erected.  Storei  procured  for  four  balloon 
divisiouB.  Inapection  of  work  bj  the  MinUt«r  of  War, 
Gen.  Billot.  New  material  sanctioned  for  a  navigable 
air-ship.  Test  of  the  captive  balloon  equipment  during 
the  great  maniBuTreB. 

The  balloon  stores  comprised  1  steam  winch,  2  gas 
generators,  1  balloon  material  wasso"!  1  ooal  waggon, 
and  various  carts  to  deal  wita  the  gaa  material 
"raieine." 

The  gas  generators  consisted  of  10  iron  retorts  in  an 
oven.  The  gaz^ne  was  heated  in  ths  retorts  (3  m. 
long)  in  the  oven  in  pieces  SO  cm.  long  and  6  cm.  in 
diameter.  Hydrogen  wiis  given  otf  as  soon  as  it  became 
snfficiently  heated.  3  kg.  gazeine  give  1  cb.  m.  gas. 
Bate  of  development  with  the  2  gas  generators,  GOO 
ob.  m.  in  10  hours.  One  apparatus  gave  3S-50  cb.  m. 
hydrogen _per  hour  ;  tbe  cost  was  5-80  francs  per  cb,  m. 
ISH.  Fonhanon  of  a  company  of  a^ro^tiers  from  the  let 
Bog.  Eegt,  of  strength  2  otEcers  (Capt,  Aaron),  6  non- 
coms,,  8  corporals,  23  men,  for  service  in  Toukm. 
Formation  of  a  light  ballooo  train,  4  balloons  of  260 
ob.  m.  each.     Emburkment  at  Hanoi. 

a  Uar.  March  of  SO  artUlcrymen,  strengthened  by  21  OOollSS, 
to  Bac-Ninh  ;  battle  near  Trung-Son. 

a  Apr,       Departure  with  tbe  N^grier  brigade  to  Hong-Hoa. 

11  Apr.       Battle  of  Hong-Hoa. 
iS8i>.       Expedition  against  Lang-Son. 

IB  Jan.      Departure  to  obtain  water,  to  Phu-Lang-Thuong. 

2B  Jan,      Arrival  there. 

t»  Jon,      To  Kep, 

tO/Sl         Eeconnoitring  and  Demonstration. 


.Google 
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Actual  Velocity 

D&te. 

of  the  B>Uoon 
iDm/sec 

Bwult  of  Experiments. 

9  Aug. 

4'CS 

RatuTtt  to  the   stsrtirg- 
point,  Chftlus. 

12  Sept. 

G-45 

I^niling  near  Velizy . 

8  Nov. 

6-00 

Betura  to  Chalais. 

SNov. 

8-82 

18SG. 

26  Ang. 

8  00 

Strength  of  wind  8-6-7 
m/aec,      landing      in 

22  Sept 

a -00 

Eetnm  to  Chalais. 

23  Sept. 

6-22 

(6-50) 

"  La  bftllon  filectrique  '  Ls  France,'  n'a  jamais  en 
d'autre  objet,  que  de  foumir  nne  premiere  dimoustratdm 
de  la  posaibilitl  de  fsire  ^voluer  ua  ballon  allong^  dans 
I'oc&m  a^rien  par  dee  moyena  analogues  &  oeux  qm 
permettent  aux  naTires  marins  d'^volner  enr  I'oc&n 
liquide. " — Bb  N  AaD. 
ISM.  lutrodnctjcin  of  a  gaa  generator  for  the  balloon  stores,  de- 
pending in  princijile  on  the  action  of  Bulphui-icacidoniron. 

19  Hajr.  Decree  of  the  President  of  the  Bepublic  under  Bonlan- 
ger'sHinistry  concemiiig  the  service  of  the  militaryballooD 
troops  in  Chalais-Meudon.  The  "  i^tabliasement  Central 
d'A^rostation  Militaiie "  raade  a  study  of  militar; 
ballooning,  the  construction  and  preservation  of  the 
materials,  and  the  instruction  of  the  staff  of  each 
regimental  school  of  the  four  regiments  of  engineers  at 
VersaOlea.  Stor«a  were  furnished  to  Orenoble,  Arras, 
Montpellier,  and  several  fortresses  (Toul,  Epical,  Belfort, 
and  Grray).  One  company  out  of  each  of  the  four  regiments 
of  oDgineeis  waa  intrt^cted  in  ballooning.  The  balloon 
service,  as  well  ae  the  condnctiou  of  the  establishment, 
was  placed  under  the  Minister  for  War.     (B.O,     Cf.  de 

gg  j„„j  Graffigny,  Traite  d' Airoitatian.     Paris,  1891.) 
ISST.  '     Improvement  in  the  steam  winch  and  gas  senerator. 
Decree  on  the  administration  of  the  telegraph  service 
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iMJ.  »nd mUitaiy  baUoomng  {e/.  Z.f.  L.,  1888,  p.  22).  The 
''^'"•■balloomag  van  plaoed  under  the  director  of  military 
telegraphy.  EzpeDsea  and  new  apparatus  were  con- 
sidered by  the  Minister  of  War  on  the  reoommeiidatian 
of  the  director  of  military  telegraphy.  The  balloon 
stores  and  buildings  were  placed  in  charge  of  the  engineers. 
The  material  was  tested  annually  by  an  officer  from 
Chalais-Meudon. 
1  Aug.  Ministerial  decree.  The  men  who  have  received  in- 
stmctiDn  in  the  art  of  ballooning  (independent  of  the 
weapons  carried)  shall  wear,  as  a  sign,  a  balloon  in  sc&rlet 
Ted  cloth  on  the  right  sleeve  in  £e  middle  of  the  arm 
above  the  elbow.  (B.O.  Z.  f.  L.,  1888,  p.  23.) 
ISSS.  Improvement  of  the  steam  winch  and  the  gas  generator. 
The  gaa  generator  had  two  oopiKr  generating  retorts, 
acid  vats,  and  scrubbets.  Rate  of  production  of  gas — 
120  cb.  m.  per  hour  per  retort.  Total  time  for  inflating 
a  "  ballon  normal,"  3^  hours,  for  which  122  bottles  of 
acid  are  necessary.  The  latter  were  made  of  copper  or 
steel;  1  cb.  m.  ^as  cost  1'20  francs.  Steam  winch  (see 
fig.  80).  Behmd  are  vertical  steam  boilers,  in  the 
middle  a  pulley  for  the  cable,  in  front  the  cable  drum 
with  a  hempen  cable  500  m.  in  length,  and  underneath 
the  tatter  is  the  winding  mechanism,  and  on  each  side 
a  steUn  engine  working  on  the  same  axis.  The  geld 
stores  consisted,  in  addition,  of  a  balloon  waggon  (voiture 
aui  agrea)  holding  two  normal  balloons,  each  of  58fl  cb. 
m.  contents ;  one  other  balloon  (260  cb.  m.) ;  a  gas  bag  of 
62  cb.  m.,  the  tender  waggon  (voiture  toui^n)  holding 
about  1  cb.  m.  coal  and  300  litres  water  ;  and  a  number 
of  waggons  for  gas  materials. 
Iggg.  Personnel  of  the  War  Balloon  Division :  2  officers,  94 
men  ;  S5  hor^s,  7  waggons, 
IT  Apr.  Publication  of  rules  concerning  the  instruction  of 
airostiers.  Officers  in  the  balloon  sections  to  study  the 
sections  de  campaene,  sections  de  forteiesse,  and  sections 
de  dfp6t.  In  addition,  instruction  of  the  Qeneral  Staff 
oBJcerv  in  the  use  of  balloons. 

Course  for  administrative  officers,  1-15  Jnne. 

Free  voyages  required  the  permission  of  the  Minister 


n  18-30  June. 

Eiperiments  with  compressed  gas  in  steel  cylinders 
of  35  litres  capacity  and  52  kg.  weight,  holding  6 '281 
ob.  m.  gas  at  200  atra,  pressure. 

Lieut   z.   See  Serpette  and  ^Marine  Engineer  Aabin 


ON   HILITARV   BALLOOKIHO  245 

1888.   sent  to  dialais-Msudon  to  stud;  th«  possible  use  of 

balloons  in  the  navy. 

li-lT         Eiperimanta  in    Toulon  on  board   the  IndrnnplaKe. 

Inij.     Satiafactorj  results.     FoTmB,tion  of  naval  balloon  stores 

at  Lagonbran.    Yearly  participation  in  the  great  man- 

igg9.  Preparations  for  the  Paris  Exhibition,  (Acconnt  in 
Airodaia  el  airostation  miliiaire  d  VExpotHion  OnimrsetU 
de  1889,  by  G.  Ton  and  E.  Suroout  Paris,  18S3.) 
£ip«rimentB  on  the  preparation  of  hydrogen  by  electro- 
lytio  methods. 


Flo.  so.— 9tesm  winch.    French  BallooDlng  Diriiion. 

'■  Strength  of  a  Section  d'a^rostiers  de  oampagne :  1 
captain,  1  lieutenant,  1  reserTe-officer,  E  non-coms.,  8 
corporals,  3  master  mechanics,  and  62  ranlc  and  file.  In 
addition,  for  the  teams:  1  quartermaster,  1  marshal 
de  logis,  ]  brigadior,  and  28  drivers. 
The  stores  comprised  ; — 

1  ateam  winch  (2100  kg, )  for  .         .        .       B  horses 
1  tender  waggon  (laden,  2250  kg.)  for      .      i     „ 
1  balloon  vaggon  (1600  kg. )  for      .         .       1      „ 

1  gaageDentor(2400kg.)for.         .         .       6     ,, 

2  wagons  for  chemicals  (2100  kg.]  for    ■    l,      " 
2  proyision  waggons  (1400  kg. )  for  .         ■    )  2     " 

In  addition.  S  waggons  each  for  2  hones  were  required 
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<•  for  the  transport  of  chemiooli.  Total — Ifl  waggons, 
60  draught  horses,  S  riding  hones.  Lengch  of  procession, 
250  m.  ;  time  taken  to  pass  any  point,  3  minatee. 

An  agitation  was  set  on  foot  to  provide  a  balloon 
division  for  each  arm;  corps,  making  20  in  all. 

A  Sediim  d'a^roatiers  de  place  consisted  of  1  captain, 
1  reserve  ofBcer,  5  non-coma.,  S  corporals,  E3  men.  Also 
for  the  t«am,  1  brigadier  and  14  drivers. 

The  forts  have  old  balloon  stores.  The  stores  oomprise 
waggons  as  above  but  no  waggons  fur  chemicals,  and 
only  1  one-horse  provision  waggon.  (Cf.  Aidt-MSmoire 
de  t'Offiairr  d'etat,  Mtyor  en  eampagnt,  1890.)  The  free 
balloons  for  the  forte  for  h3nlKigen  are  of  900  eb.  m. 


Discover;  of  a  form  of  voltameter  for  the  manufactnie 
of  hydrogen,  applicable  to  industrial  purposes,  by 
Benard.  1  cb.  m.  gas  costs  60  centimes.  Trial  intro- 
duction of  a  hydrogen  waggon  with  compressed  gas  in 
the  balloon  train.  Each  waggon  contained  8  steel 
cylinders  each  4 '50  m.  long  and  0 '30  m.  in  diameter, 
laid  in  S  rows  on  the  waggons.  Each  cylinder  was 
tested  under  a  pissenre  of  ttOO  atm.,  and  weighed  S50 
kg.  empty.  Weieht  of  waggon,  SOOD-3200  kg.  A 
waggon  held  280  cb.  m.  gas  compressed  under  220  atm. 
For  use  in  time  of  peace  not  more  than  130  atm.  was  to 

Participation  of  a  field  balloon  equipment  of  war 
strength,  with  a  diminished  number  of  horses  and 
waggons,    in    the    great   mancenvres.      Division    into 

2  echelons. 

1st  Echelon  :  3  officers,  5  non-coma.,  SO  corporals  and 
rank  and  file,  1  quartermaster,  IS  drivers. 

1  steam  winch,  1  tender  waggon,  I  balloon  waggon, 

3  gas  wagons,  1  provision  waggon,  1  forage  waggon. 
Snd  E^elon ;  1  officer,  1  sergeant,  10  men  (an  in- 
sufficient namber,  according  to  Debureani),  1  gas 
generator,  1  waggon  with  compression  pump,  3  gal 
waggons.  {Cf.  Debureaux,  Les  AiroslmU  mililaires,  Paris, 
1882.  On  the  stores,  cf.  Lea  Ballaaa  d.  la  giurre,  Paris, 
1892;  Charles  lAvaurelle,  extract  in  the  Z./.X.,]893, 
p.  20.) 

Captive  balloon  practice  in  the  school  of  the  4th 
Engineers,  as  well  as  in  the  fortresses  at  Verdun,  Toul, 
Epinal,  and  Belfort.  Free  voyages  from  Chalais-Mcndon 
and  Qreuoble. 

Arrangement  of  naval  balloon  depSta  in  Tonlon  and 
in   Brest.      Several   officers  and  about  30  men  orderwl 
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isso.   14  days'  annual  pnuitice.     Balloons,  120  and  260  cb.  m, 
oontents.     Qreatust  height  attained,  400  m. 
S  D,t       Riglemmt  mr  la  PonetUmnemfnt  d«  r&eale  adTBtta- 
tigue/UChalai>(R.O.,  1890,  No.  75). 

Supplement  to  the  B^lemsnt  of  t7/4/'8S. 

Art,  1.— In  ftdditiOD  to  the  officers,  a  certain  number 
of  non-commissioned  offieers  and  others  will  be  eduiait«d 
as  inatruotore  for  the  comptinies  of  eugiueera  in 
ChaUifl. 

Arl.  6.— The  balloon  officen  must  take  part  oa 
frequently  as  poaaible  in  the  free  ascents,  and,  after 
atUining  sufficient  practice,  may  undertake  indepen- 
dent voysgea.  Permission  for  this  is  granted  bj  the 
Minister  on  the  reoommendation  of  the  director  of  the 
establishment. 

Art,   7. — From  May  1-31,  the  balloon  officers  and 
the  officers  chosen  to  look  after  the  atorea  to  receive 
instruction.     May  13-31 ;  General  stalf  offioels  to  receive 
instruction.     May  24-31  ;  The  principal  officers  com- 
manding companies   of   a^rostiers   ordered    to    receivs 
instroctiDn  in  the  latest  improvementa  effected.    The 
personnel  of  the  establishment  at  Chalaia-M  endon — 1 
major,  2  captains,  2  adjutants,  and  GO  sappers — was  con- 
sidered too  small  for  carrying  out  its  duties. 
IgSl.       Decision  as  to   the   introduction   and   use   of  steel 
Nov.     cylinders  of  compressed  gas  in  the  ballooning  equipment, 
189£.       A    balloon   inflated  in  twenly-siz  minates  (Figaro, 
12/5/'ti2).    Increase  of  the  personnel  in  the  mobile  field- 
balloon  division. 

Fan  di  eampagnt. — A  section  consists  of  1  captain  as 
leader,  2  lieatenants,  9  non  coma.— including  1  wj- 
maater,  8  corponls,  2  horn  players,  74  rank  and  file  of 
the  atostiere. 

TraTupori.—!  qnaitormaster,  1  brigadier,  28  drivers, 
0  saddle-horses,  52  draught  honea  (c/.  Diboa,  Lu 
airoataU  data  leuir  tUiliaation  mililaire.     Palis,  18B3). 

Stora. — A  normal  balloon,  623  cb.  m. ;  a  second 
balloon,  2S0  cb.  m.  Each  section  had  G  gas  waggons 
carrying  8  steel  cylinders,  each  4  m.  in  length  and  0  27 
m.  in  IOmeter.     Contetita,  86  cb.  m.  nnder  200  atmos- 

K'leies  preaaure.  The  filling  was  carried  out  at  Chalaii- 
endon,  or  in  the  magazine  stations  poaeessing  gas 
generatora  and  compresaing  machines.  For  inflating  the 
normal  balloon  %  gaswaggona  are  sufficient  iu  war.  All 
the  sections  are  now  provided  with  gas  waggona ;  a 
distinction  is  made  between  "pares  4liydrogine  corn- 
prime"  and  "pores  ordinaires," 
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.  ISK.  Tha  "  pares  fixes  des  pIbcm"  consist  of  one  fixed  g&s 
generator,  a  balloon  shed,  and  a  workshop. 

Free  tnljoons   of   9Sa  ob.  m.  >re  also  kept  in  the 
fortresses. 
18K.       A  section  d'o^rostieis  was  sent  to  Madagascar,  provided 
with  "  material  apfcial,"Mnaiating  of  2  captiva  balloons 
each  of  300  cb.  m.  oontents,  with  adjuncts,  3  steel  wire- 
ropes  400  m.  long,  hydrogen  sufficient  for  five  inBationa 
in  steel  ^s-cjlinders. 
ISST.       Experiment   with   a   balloon    sent   out    &om    Paris 
Miowed  by  cycliste,  the  supposition  beine  that  tha  town 
was  in  a  state  of  sie([e  and  the  cyclists  lie  longed  to  the 
besieging  army.     16  oycliats  followed  the  bmoon   for 
H  hoars  and  took  the  passengeis  prisoners  on  landing 
{La  Frawt  milUaire,  No.  3933). 
IKO.       A  section  d'a^rosUers  sent  to  Taku.     Personnel :    1 

S>  Aug.  captain  (Lindeoker),  2  lieutenants  (Plaiaant  and  Izard), 
7  non-coms.,  72  Bapaura  - a^rostiers.  11  aapenrs-con- 
ductaurs ;  15  mules.  Material  special  as  in  1896. 
3ome  of  the  transport  material  did  not  arrive. 

Arrival   in   Taku    1/10 ;    disembaikment   concluded 
18/10.    Ordered  to  Tientsin. 

Kov.         Ascents  in  Tientsin  ;  no  military  object, 
jgoi       Aacenta  in  Pekin.    Photographs  taken. 

Uar.  '       Batnm  to  France,  lOtb  May. 

BO  Mar,  latroduction  of  a  new  "  K^glement  sur  I'lnatruction 
da  bataillon  d's^rostiers, "  on  the  basis  of  the  lUglement 
of  16/2/lBOO.  Detailed  inatructians  for  officers  and  men 
in  all  branches  of  service. 

lApr.  (DScret,  21/1/'01.)  New  organisation  of  the  engi- 
neers; the  "Compagnies  d'aerostiers, "  hitherto  joined 
to  the  single  regiments  of  engineers,  were  all  combined 
to  form  a  balloon  battalion  (bataillon  d'a^roatiera).  The 
balloon  battalion  was  named  the  2Gth  Engineer 
Battalion,  and  was  divided  into  four  companies. 

The  personnel  of  a  company  consists,  according  to  the 
law  of  Sth  December  1900,  of  1  captain  of  the  first  class, 

1  captain  of  the  second  class,  1  firat  lieutenant,  I  second 
lieutenant,  1  aii^utant,  I  sergeant-m^or,  1  se^eant- 
corporal,  S  sergeants,  12  corporals,  1  company  driven, 

2  trumpetera  or  bom  players,  81  men.  ToUl— 4  officers, 
27  non-coms.,  81  men.  [Cf.  BvXlttin  Offieiel,  1900  p.r., 
No.  51,  and  1901  p.r..  No.  1.) 

"■ —         Sapatrs   AtroitUrs. — The    ballooning    divisions   act 


ON   MILITARY   BALLOONIHQ  ^19 

ivn.  battaJioa  whieh  it  stationed  in  the  comaponding  corps 
diatiict.  Tliej  are  placed  under  the  25th  Battalion 
(airostiers}  of  the  1st  Eegiment. 

Clrcu-        Relative  aux  jirii  k  d^eroer  k  la  suite  dea  coDCOun 

^'^  annueli  organia^es  dansle  bataillon  d'a^rostiers. 

*■  The  prize*  for  the  a^roatiers  are  divided  between  the 
amcoun  iTidwidiuU  and  the  amanira  coll^clifs,  including 
non-commioBinned  oQicera  and  troops.  The  rewards  of 
the  tint  kind  are  as  [oIIowb  : — For  non-comiaisaioned 
officers  (a)  preparation  of  a  balloon  for  inSation  ;  (b) 
making  ready  for  a  free  or  captive  ascent ;  (i;^  taking 
apart  and  putting  together  agoiu  the  winch  ;  (if)  loading 
the  balloon  waggons.  For  corporals  and  soldiers 
(ballooning)  of  Srst  class :  in  sailor's,  tulor's,  mechanic's 
and  preparatory  work. 

For  am/x/UTS  coUertifi  the  tasks  nnder  (a),  (fr),  (c), 
and  [d]  are  again  given.  Oolden  braids  are  given  as 
priies  for  noG-commiBsioned  officora,  to  be  worn  only 
until  they  leave  active  service.  The  conwrols  and  men 
receive  (with  certain  exception)  braid  of  red  wool,  and 
money  prizes  of  3,  3,  6,  or  (for  groups)  10  francs, 
IMZ.  As  a  special  badge  the  amostiers  of  the  first  class 
received  the  following : — Non-commissioned  officers,  a 
gold  knitted  anchor  on  the  left  shoulder ;  corporals, 
master  mechanics,  and  sapeuTS  a^rostiers,  a  similar 
badge  knitted  in  red  wool. 

The  straps  oOered  as  aeronautical  prizes  are  to  be  worn 
nnder  the  above  badges,  in  the  form  of  a  right  angle, 
opening  towoids  the  anu  between  the  elbow  and 
shoulder. 

Uar.         Organisation  of  a  free  voyage  service. 

The  men  for  this  purpose  are  drawn  from  all  grades 
and  ranks  of  the  reserve  and  territorial  army.  A  test  is 
carried  out  by  a  military  aeronautical  oommiaaion, 
embracing  geography,  meteorology,  topography,  and 
the  art  of  ballooning  (/.  A.  if.,  1902,  No.  i). 
The  fixed  places  where  these  "qualified  aeronauta"  ore 
to  be  stationed  are  to  be  determined  by  the  Minister 
of  War. 

t  ioDt.  Death  of  Lieut.  Bandic,  Director  of  the  fitablissement 
d'Airootation  maritime,  of  Lagoubran  owing  to  a  descent 
in  the  sea  (7.  A.  M.,  1902,  No.  8). 

Ana.  Experiments  on  the  discovery  of  the  rabmarine,  <7im- 
tav4  Zidi,  from  a  captive  balloon. 

The  position  was  soon  discovered  by  the  reSection  of 
the  sun  on  the  surface  waves  set  up  by  the  submoriDS 
bo«it.    Moreover,  the  green  colour  of  the  submarine  boat 
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did  not  lendei' it,  u  wm anticipated,  invinble  (Z  A.  M., 

1902,  No.  4). 
1M3.      Separation  of  tlie  "Laboratoire  de  recberches  kt'A^ros- 
l»T»b.  tation  militoire"  from  the   " fitablissement  central  du 

material  de  1' Aerostation  milttaire."     Each  eBtabliBbment 

ia  to  possess  its  own  independent  organ  isation. 
XMM.       Disbaudment  of  the  ^tablissement  d'A£roBt«1doD  mari- 

time  of  lagoubran. 

Commancemetit  of  experiments  with  a  Qerman  kite- 
balloon  of  tbe  Paneval-T.  Sigsfeld  type. 
wm.   '   Death  of  Col,  Charles  Kenard. 
U  Apr.      Lebandy's  air-ship  Iboronghl;  tested  by  a  Commissiau 

(oonsistins  of  ComuiaadaDt  Bouttiauz  and  Capt.  Voyer) 

appointea  by  the  Minister  for  War, 
>Jn)j.      Voyage  from  Moiaaon  to  Meatti,  Bl  km.,  in  2  bra.  87 

nuDB.    Beinllated  with  hydrogen. 
«    „        Voyage  from  Haaux  to  Sept-Sorts,  127  km.  in  47 

ntins.      Anchored  in  a  builiLng  owing  to  the  stormy 

(  „  Voyaf(e  from  Sept-Sorts  to  Mourmelon,  near  Chalooi, 
93*12  km.  in  3  bra.  21  mine.  After  the  landing  the 
balloon  burst  by  striking  a  tree.  It  was  taken  to  Toul 
and  Tppaired, 
BOcb  Commencement  of  new  trials  in  Toul.  Iliege  were 
hi^ly  successful. 

It  „  The  Minister  for  War  (M.  Berteaux)  made  a  round 
ToyMe  in  the  air  ship  from  Tool,  and  expressed  himself 
as  bigbly  satisfied  with  the  same.     A  speed  of  4'2  km. 

fit  br.  was  attained.  It  ia  to  be  introduced  into  the 
renoh  army  as  aoon  as  certain  improvements  bnve  been 
effected.  Three  Lebaudy  air  ships  have  been  ordered  for 
Faria,  and  two  each  for  Toul,  Verdun,  Epinal  and  Belfort. 


ein^       -DecrrM.— The  4th  C.'om[Bnj  of  the  Telegraph  Battalion 
**  ""■  in  Madrid  was  entrusted  with  the  construction,  possession, 

and  inflating  of  free  and  captive  balloons. 
IBS*,       The  company  (Capt.   D.    Fernando  Aranguren  with 
loo*,    tieut.  D.  Anselmo  &aohez  Tirade)  was  assigned  field 

balloon  stores,  ordered  &om  Ton's  of  Paris,  for  eiercisiug 

n  Jnne.  Her  Majestv,  Qneen  Maria  Christina  of  Spain,  dedicated 
a  military  balloon,  named  after  her,  for  use  as  a  captive 
balloon  {/.  ..4   if.,  1901). 

isjnij,     First  free  voyage  by  Spanish  balloon  offleen,    ((Jf. 
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Organiaation. — PerBounel  in  p«ace:  1  captain,  3 
lieatenoDts,  10  Bergsants,  17  corporals,  2  tnimpBteis,  i 
lance-corponls,  and  67  men.  Alao  i  officers'  horses,  3 
troop«ts' liorees,  10  moles.  The  matenal  was  carried  on 
3  waggons  and  10  beasts  of  burdeo. 

InstmctiaD  of  the  company  in  ballooning,  in  telephony, 
and  in  optical  telegraphy. 

War  personnel ;  1  captain  as  company  leaderj  7  lien- 
tenants,  28  sergeants,  42  corporals,  7  trumpeters,  14 
ItmcCMMirponilB,  280  men,  7  farriers.  Also  S  officers' 
horses,  21  troopers'  horses,  60  dntoght  horses,  and  30 
mules  for  waggons. 

The  stores  to  be  calried  on  60  beasts  of  bnrden  and 


an,   consisting    of   Liaut,-CDl,    Don  Job6 
.*"'■     Soarei  de  la  Vega,  Chief  of  the  Telegraph   Battalion, 
and  Capt.  Don  Eiancisco  de  Paula  Kojas  of  the  Telegraph 
Battalion,  sent  to  rtad;  the  Gennan,  French,  English, 
and  Italian  systems  of  military  ballooning. 
On  the  report  of  the  commiesion : — 
to  Ang.      Formation  of  a  Balloon  Company,  and  equipment  of 
balloon  stores  (Parque  Aerostitico)  in  Ooadalajara  in 
connection  with  arrangements  for  militaiy  carrier-pi^n 
post   service,    military   photography,    regimental    siege 
stores,  and  arcbiTes  of  the  engineering  troops,  etc ,  at  a 
central  eetablishmeut 

Personnel  of  the  section ;  1  nugor  (Don  Pedro  ViVM  y 
Vich),  1  captain  (Oimenez),  2  lieutenants  (Ortega  and 
Pe&s),  2  non-coms.,  6  corporals,  and  67  men. 
IBM,       Increase   of   the  personnel  by  1   captain  (Bajss),   1 
lieutenant  (Kindelan],  and  1  non-com. 

Provision    of    a    house    in    Onadalajara ;    exercise- 
place  on  the  road  to  Madrid,  2  kilometres  from   the 

1§W,       Major  Don  Pedio  Vires  j  Vich  and  Capt.  Zegura  sent 

to  Germany,  Italy,  Anstna,   and  Switzerland  to  study 

ballooning. 
ISOO.       IntroducttOQ  of  the  kite-balloon   (80G  cb.   m.)  and 

Eeld-balloon  stores,  with  gas  wtggons  for  20  cylinders ; 

gM  compreased  under  IGO  atm.  pressure. 
1801.       Miitiiterial  edict.— The  balloon  stores  placed  nndv 
HDw.  Captain  F.  de  P,  Bojas. 

IMS.      ifiniittriai  idia. — New  organtsfttion  of  the  Balloon 
l*J«u  Company. 
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IMK.  Penannel;  1  nujor,  2Mptaiiis(F.G>iiaeaez>iidNttT>}, 
U  Jan.  j  Q^  lientenuits  (GbnUgaeU,  Uftldonxio.  Bodrignez, 
E.  Gimenez)  and  1  lieutenant  (Dtirila) ;  7  non-coms., 
14  corponile,  2  tniinp«t«ra,  77  aoldiers ;  7  officers'  horses, 
30  mules ;  8  giu  wa^ns,  1  laggBf;e  cart,  1  aeaioh-lUbt 
waggon  irith  a  projector  90  cm.  in  dtiunetei,  ana  1 
trauaport  waggon. 
20  Sept.     MinwlerUd editt. — Lieut.-Col.  Vivoa  y  Vich  appointed 

Chief  of  the  Balloon  Stores  and  the  Balloon  Companiea. 
SS  Oct.      Ministrrial    ediet. — Major    laidro    Calvo    appointed 
Commander  of  the  Balloon  Compan;. 
imt        Capt.  Franrieco  dePanla-Bojai  appointed  Commandant 
of  the  Balloon  Oompanies. 


1B12/14     Eiperiments  wiUi  a  model,  and  building  of  on  air-ahip 

by  the  Stuttgart  mechanic,  Lep^ch,  near  Woronzowo, 

at  Alopena  and  Count  BumiauzoD's  suggestion  (Frhr.  t. 

Hagen,  Z.  f.  Z.,  1882,  p.  3B4.     Cf.  Chapter  SII.,  §  2). 

IBM-      Appoinhnent  of  a  commission  on  military  ballooning 

lS7t.   under  Gen  t.  Todleben.     Eiperiments.     (i)!?.   Jcfwra., 

1876,  Nos.  f,  and  6.) 
1884.       Experiments  with  a  eignalling  balloon  by  the  naval 
^*       administration.     Prepaiahon  and  inflating  carried  out  by 
■*■     the  Servian  ship's  captain,   Koetovitz,  on  the  Wetfl  at 
Ochta. 
'A'  Nightly  experiments  with  the  signalling  balloon  on 

*"«■      board  tbe  mine-boat  Wsriw  (St  Petersburg,  (Tiw&WKwM, 

EeroU,  2/14  Aogust  1384). 
Sapt.  Commission  appointed  by  the  Minister  of  War  to  cany 
out  experiments  on  ballooning.  President,  Gen.  Boresboff, 
Commander  of  the  Electrical  Division  of  the  Engineer- 
ing Corps.  Formation  of  a  Balloon  Division — 1  officer 
(Garde-Sappenr  Lieut  Kowanbo)  and  22  men. 
is§£.  Increase  of  the  detachment  t^  3  officers  ;  transference 
to  Wolkowo-Polje;  captive  balloon  ascents  on  93  April/ 
5  May  and  the  8/20  September  with  2  balloons  bonght 
from  Briesonet's,  of  Paris  (1000  and  1100  cb.  m. ). 

Ascent  of  the  Minister  of  War,  General  WannowsM. 
During  the  absence  of  Gen.  Boreslcoff,  in  Paris,  for  the 
purpose  of  pmohoaing  material,  Qen.  Fedorow  presided 

^■iBOct,     First  &ee  voyage  (Lieuts.  Eowanko  and  Trofimoir). 
iBSe.       Arrival  of  2  balloon  stores  {Yen's  system)  from  Paris 
(balloon,  640  eb.  m.  ;  ^.  g  S).     Increase  of  personnel  by 
1  officers  and  32   men.     Formation   of  2  detachments 
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ISM.  (Lient  Gotuhow  and  Lient.  Trofiraow)  for  the 
nMiiceuTma  at  Brest  And  BialjBtook.  Good  nanlto 
obtained  at  the  latter,  in  spite  of  verj  faulty  material. 
Participation  in  the  manteuvTea  21  AngtiBt/2  September ; 
free  VDvage  (Gen.  Orlow,  Lieut.  TroGinow).  The  firm  of 
Yon,  in  Paris,  were  instructed  to  build  an  air-ship  on 
their  own  ayatera, 

UST.  Increaseof  pereonnel  by!  offieersaiidflOmeD.  Ezperi- 
msnts.  Participation  in  the  camp  practices  at  Kraeenoje- 
3»elo  and  Ust-Iahota.  Free  vojage  fl/18  Julj.  A  com- 
mission— membeiB,  Gen.  Fedorow,  Col.  Jasnietzlci,  and 
Capt.  Welitnihko— sent  to  Paris  to  take  over  the  Ton's 
ail-ship.  The  faulty  condition  of  the  machine  preranted 
any  trials  beinj;  earned  out  with  it ;  the  ateerina  airangC' 
menta  were  useless,  and  the  air-ship  was  lejectra. 

Proridonal  arransement  for  ballooning  schools  for 
officers  and  men.  Officers  from  furts  and  engineering 
regiments  ordered  to  attend.  Purchase  of  a  balloon 
(lAcbambre's  system)  in  Paris. 

1888.       Continuation  of  the  t  '  ' 

188B.  Eiperimenta  with  a 
V^  in  Brussels  (3100  cb.  r 
"""'•■     1890,  p.  28B). 

18M).  The  organisation  of  the  balloon  service  was  completed 
by  the  edict  of  14/26  May(Z./.  i.,  1892,  p.  132),  The 
^looD  Division  was  placed  under  the  commander  of  the 
Engineer  Corps  Division,  and  divided  into — 

1.  Jntlruntion-diviMon  nnder  the  commander  of  the 
Electro-technical  Division,  for  the  instructioa  of  thest^, 
completion  and  care  of  balloon  atorea,  and  the  under- 
taking of  experiments. 

In  a  mobilisation  it  fomu  the  basis  of  a  mobile 
formation, 

Pemuinent  staff  in  peace ;  1  colonel,  2  captains,  1  staff 
captain,  2  lientenaQls,  88  men,  4  hones.  Permanent 
ataffinwar:  14  officers,  1  clerk,  215  men,  4  horses. 

From  1/13  December  to  1/13  Ootohar,  a  ten-montha' 
comae  for  S  lieutenants  of  the  Engineering  Corjis  and  the 
fort  troops  was  held. 

2.  JVtrt  BalUxm  Divituin.—Fonaed  in  Wanaw  in 
1861.  Personnel  in  peace — 1  captain,  2  lientenants,  G2 
men  ;  in  war— 1  captain,  4  lieutenants,  13S  men,  divided 
into  three  detachments. 

Sloret. — 6  captive  balloons  (640  ob.  m.),  3  free  balloons 
(1000  cb.  m.),  3  gae  bags  (260  ob.  m.),  I  ateam  and  2 
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a.  OttToatte's  »pp«n>tuB  oanekts  of  4  gensnton  weh 
weighing  29G  kg.,  a  mixing  vesael,  a  cooler,  a  dlyet,  and 
numerous  Bulpfiurio  acid  tuns  mounted  on  can.  The 
latter  were  made  of  copper  lined  with  lead,  and  held 
40  pud  ( —  656  kg. )  of  acid  each.  1^  hours  only  are 
neceeaa^  to  unlowl  the  appantos  from  the  datb,  to  put 
it  togeUier,  and  commence  operationB.  640  ob.  m.  of 
gas  can  he  prepared  in  2^  to  S  nours.  Long  train.  The 
Dnt  echelon  has  7  sulphuric  acid  cars.  (S.  Orlotr,  ^ber 
dit  TaJdikdea  LuflbttHom.     8t  Peteraburc,  1892.) 

Participation  of  an  improvised  balloon  division  in  the 
DianixuTi'ee  near  Karwa.  A  balloon  of  610  cb.  m.  was 
filled  in  S  hrs.  6  mins.  At  the  end  of  this  vear  over  40 
free  voyages  had  been  nude  Binoe  ISSCi,  the  results  of 
which  have  been  carefullj  tabulated  b;  CoL  Pomoitzeff, 
and  scieniilically  worked  out.  (S.  Pomortzeff,  RisuUati 
teierUifiqjies  de  40  Aaeaa.     St  Petersburg,  189Z) 

I.  Particiixttion  in  the  manteurree  near  Nowo  Georgi- 
jewsk.  Free  voyage  out  of  the  fort.  The  balloon 
"Moskau"  traveUed  4  or  G  hooia  in  the  direotiou  of 
Brest- Lilewski. 

I.       Formation    of  a    second    Fort   Balloon    Division  in 

'    Oseowetz.     (ifuts. /nv.,  No.  218.) 

An  aluminium  air-ship  built  by  D.  Schwarz  (Aostrit) 
(c/.  Chapter  XII.,  I  2). 

t.  Formation  of  fort  balloon  divisions  in  Nowo  Qeorgi- 
jewsk  and  Iwangorod.     {Rutt.  Inv.,  No.  100.) 

I,  Exercises  in  Wolkowo  Polje  and  in  Kraeanoje-Bsflo. 
Formation  of  a  division  to  ansist  in  the  search  for  the 
warship  RuascUka,  sunk  in  the  Finnish  Sea  between 
Helsinf^ors  and  Keval.  The  balloon  was  sent  up  400  m. 
from  the  ship  Samiged.  The  experiment  was  not  suc- 
cessfiil  owing  to  the  opacity  of  the  water,  but  it  proved 
the  utility  of  balloons  for  the  navy,  Capt.  Semkowski 
stated  the  results  as  follows  :— 

1.  The  bed  of  the  sea,  when  of  great  depth,  cannot  be 
seen  from  a  bulloon  430  m,  high, 

3.  Stones,  beams,  etc.  were  visible,  in  suitable 
illumination,  at  a  depth  of  6  to  G  m.  under  water. 

3.  Large  sand-banks  down  to  a  depth  of  13  m.  were 
visible  from  a  distance,  owing  to  the  colour  of  the  water. 
Bodies  lying  on  them  were  not  diatinguishahle, 

4.  The  balloon,  anchored  on  the  deck  of  the  ship, 
could  he  towed  against  a  wind  of  7-8  m.  per  second  at  a 
(peed  of  6-7  knots,  with  difficulty. 

5.  The  horizon,  viewed  from  the  balloon,  b  very 
extensive. 
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7,  The  bftllcmn  ia  of  value  for  hjdrograplucal  pnrposoa, 

•udwill  be  of  use  in  time  of  war  to  explora  distant  waten. 

ImpioTemetit  of  Storea.      Free   vajagea  carried  out 

dmultaneoualj'  vit^  those  carried  ont  from  Berlin  for 

Bcieatihc  purposes. 

IBM.       Formation    of  a   Fort   Balloon  Division  in   Eowno. 
llJan.  (^,i„,  /„„__  jjo.  223,  1895.) 

ISM.  Eiperiments  vith  kites,  lifting  obserrere,  and  photo- 
graphic auuaratas.     (/.  j4.  St.,  1899,  1.) 

leoa.  I^eut.  Cljanin  exhibited  his  team  of  kites  before  the 
Tenth  Congresa  of  Rviasian  PhyaicianB  aod  ScientiBta,  and 
raised  men  with  them  to  a  height  of  200  m. 

IBM,  Formation  of  a  Fort  Bdlloon  DiviaioQ  at  Jablonii,  near 
Warsaw.  The  di™ionB  of  this  type  are  well  organised 
according  to  Kuseian  ideas,  although  the  arganisation  is 
not  a  fimd  one.  (C/.  W,  Aiy  and  A.  Kowanko,  Luft- 
ichiffahH.     Cronstadt,  1900.) 

leos.  Experimental  trial  of  an  improvised  Field  Balloon 
Division,  consisting  of  3  echelons.  The  balloon  was 
inflated  during  the  march,  owing  to  the  tremendous 
length  of  time  the  inflation  took  with  the  Qaroutte 
apparatus,  but  this  greatly  retarded  the  march.  Kite 
experimemts  in  the  navy. 

IBOt        A   Naval   Balloon  Division  sent  out  to  Vladivostock, 

'"V.     BQ(]  I,  Balloon  Company  to  the  seat  of  war  in  Manchuria. 

Officers ;  Capt  Fogulia,  and  Lieuts.  Podobiad,  Olerinsky, 

and   Mez.      The  Company  took  part  in  the  battle  of 

liaoyan. 

New  stores  provided  for  the  expedition.    Preparation 
of  hydrogen  by  the  action  of  aluminium  on  caustic  soda. 
Anc.  Formation  of  an  East  Siberian  Balloon  Battalion  of  two 

Qompanies,  Mobilisation  in  Warsaw.  Caminander :  Col. 
Kowanko.  Officers:  Lieut.-ColB.  WalkowandNaidenow, 
Adjutant  Wilier.  1st  Company— Capt.  Nowitski ; 
2Dd  Company— Capt.  Count  Baratow,  First  Lieut. 
Osbrabischiu.  The  staff  of  the  Battalion,  on  a  war 
footing,  comprised  11  officers,  SIS  non-conu.  and  rank 
and  me  ;    16  riding  hoisea,  271  pack  horses  and  waggon 

i  Sept.      The  Battalion  left  Warsaw  for  the  seat  of  war,  arriving 
at  Harbin  in  October. 
Two  oonn«niea  were  attached   to  the  2nd  and  8rd 
'  ■'     "  "  which  had   already  seen 

I    1st    Army.      The   2ad 
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UM.  CompaDjr  vas  under  fire  in  the  battle  of  Mukden,   on 
Situ,    lofli  Janua^,  and  proved  very  nsefiil  to  the  army. 

IntrodnctioD  of  the  Sigsfeld' Parse val  kite-baUoon  and 
a  new  balloon  winch,  drivea  by  a  21  U.  P.  benzene  motor. 
(Cf.  Moedsbeck,  "Die  nusiscbe  Milit^rlnftachiffalirt," 
Uitatriaie  Aermuudische  JfiOeilunffen,  p.  20G,  1906.) 

9  18.  THE  BALKAN  BTATIS. 

lesg.  SerrJa.  — Several  signalling  bulloons  procured.  Koato- 
witz's  ayatem. 

iggS,  Bulgaria  possessed  QO  balloon  stores.  In  spite  of  this, 
2  officers  (Lleuts.  Zlataroff  and  Kantscheff)  and  several 
men  asaiated  in  the  a»»nt  of  the  aeronaut,  Eugene 
Godard,  in  the  Exhibition  at  Philippopel,  actiaff  under 
the  command  of  the  Minister  for  War.  {Cf.  EugJne 
Godard,  Vin^-cinq  Aacimtiims  en  Orient.     Paris,  1883. ) 

isaj.  Eomanla. — 3  officers  sent  to  Paris  to  he  instrncted  by 
Louis  Qodord.  Ballooc  at«rea  (2  balloona)  also  procured, 
and  a  Balloon  Section  formed  (I  officer,  20  men), 
attached  to  the  1st  Regiment  of  Engineers  in  Bucharest. 
The  material  was  ator^  in  a  apecially  built  shed. 

loot.  An  officer  (Lieut,  Assaky)  sent  to  A.  Riedinger  in 
Germany  and  to  Austria  to  study  Parseval-Sigf eld's  kite- 
balloon.  The  or^nisation  of  a  BoUoon  Division  wiUi 
German  and  Austrian  material  is  being  arranged  for. 

S  14.  mUIED  STATES  OF  NORTH  AMEBICA. 

lg«l.  Mr  T.  8.  C.  Lowe  oH'ered  his  services  to  President 
Lincoln  during  the  Civil  War.     Trials  in  WaahingtOD. 

la  June.  First  telegram  from  a  captive  balloon  sent  to  President 
Lincoln  at  the  White  House. 

The  ballooning  was  placed  under  the  direction  of  the 
Topographical  Engineers. 

Ulnl;.  After  the  defeat  near  Man&sses,  Lowe  made  a  free 
voyage,  and  discovered  in  the  course  of  it  the  position 
of  Che  victorious  Confederates,  and  showed  the  falseness 
of  the  report  of  their  forward  advance.  Organisation  of 
the   Balloon    Corps  :    I    principal  aeronaut  (Mr   Lowe), 

1  captain,  50  officers  and  men.     The  stores  consisted  of 

2  gas  generators  each  fur  4  horses,  2  balloon  waggons 
(With   accessories)   each    for   4   horses,  1    acid  car  for  2 

Igei.  The  Balloon  Division  was  attached  to  General 
MacClellan's  army.      Reconnoitring  before    Yorktcwn. 
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ia«!.  The  Moent  and  descent  of  the  balloon  were  made  under 
heavy  artillerv  fire.  On  3rd  May  1863,  an  uoent  by 
General  Fitzjonn  Porter  was  rendered  impossible  by  the 
heavy  aitilleiy  firing.  On  the  folloiring  day  (4th  Hay), 
a  reoonnoitring  trip  in  the  balloon  wiowed  that  the 
Confederate  Qeneral  Magmder  hod  abandoned  hie  posi- 
tion in  the  night-time. 

K  iSt.j,  On  accoact  of  the  keen  desire  of  the  officers  to  take 
part  in  the  captive  ascents,  Oen.  UacCUllan  etat«d  that 
only  officers  to  whom  he  had  giTen  permission  would  be 
allowed  to  make  ascenttL 

MUaj.  Gen.  Stonemann  ascended  with  Lowe  and  dieeoveTed 
the  position  of  some  of  the  enemy  who  were  hidden  sear 
New  Bridge.  The  artillery  fire  was  directed  against 
them  at  his  commands  from  the  balloon. 

The  first  case  of  the  command  of  artillery  fire  against 
a  concealed  enemy  from  a  balloon. 

ij  lltj.  Lowe  ascended  near  Mechaaicsville,  in  the  aeighboor- 
hood  of  Riohmond,  and  was  fired  at  by  three  batteries  of 
the  enemy. 

sg  iiay.  Qea.  MacClellan  discovered  the  purpose  of  the  enemy, 
near  Chikahoming,  from  observatious  taken  in  the 
lialloon,  and  sent  his  reserves  to  the  assistance  of  a 
wing  of  Oen.  Heintielmann'e  army,  which  was  hard 
pressed. 

31  May      Fftir  (Mai. — Lowe  tel^raphed  continnoualy  to  Gen. 

"^       MacClellan  concerning  the  movementa  of  the  Confederates 

1  Jane.  ^^^^^  q^^  Johnson,  and  enabled  him  to  see  through 
the  lattor's  plans. 
Before  Bichmond  the  balloon  was  continuously  em- 


ployed to  discover  the  movements  of  the  Confedetatea, 
and  to  defeat  their  plane  by  eiutable  oouater-movements. 
(27/6,  Oainea  Mills. )  On  the  27th  June  the  Confederates 
sent  np  a  balloon  in  Richmond  to  discover  the  position  of 
the  Union  army.  The  balloon  was  inOated  in  llie  town, 
and  fastened  to  a  locomotive  which  could  move  it  from 
place  to  place.  Captive  ascents  were  also  made  from  a 
steamship  on  the  James  River. 


The  activity  of  the  balloon  corps  diminished  with  the 
recall  of  MoaClellsa.  The  last  fruitful  ascent  was  at 
the  attack  on  Mary's  Heights  by  Sedgwick,  where  Lowe 
pointed  out  the  weakest  point  ofthe  fortiScatioiis.  Lowe 
retired  from  the  service  of  the  army  owing  to  his  salary 
being  reduced  from  10  dollars  to  S  dollars  per  d^.  {C/. 
Hation  Tamer,  Aitra  Catlra  ;   Hoedebeck,  Sandbuch 
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dm-  Lvftschigahrt.   p.    170;    AeroitaiUiei,   lii.,  1S9S ; 

Gen.  A.  W.  Ornely,  Ballomis  in  War,  1900.) 
;.       Formatdoii  otballoon  stores  on  the  racoinmeodation  of 

the  Commander  of  the  Signal  Corps,  Glen.  Greelj. 
I.       A    go1d-beat«r'B    akin     balloon    (Oen.    Myer)    was 

shown    at   the  World's    Fair    in    Chicago,     Catdani'a 

system  of  suspending  the  car  (as  modified  by   Hery£) 

being  used. 

Transfei-ence    of   the   storea    to    Fort    Kiley  (Kan.), 

InstrMctLon  of  the  Signal  Corj>a  Solioo]  In  aeronaatics 

(Lieut,  J.  E.  Maxfield]. 
I.       The  balloonine  etoi'en  were  brought  to   Fort  Logan 

(Col.)  and  placed  under  (Captain  W.  A.   Olaaaford.     A 

silk  balloon  (8000  cb.  ft.)  was  built     Balloon  stores  on 

the  English  plan  were  procured,      A  balloon  shed  was 

boiit.     {Cf.  Annual  Brp&rt  of  Capl.    W.   A.   CHassfm-d, 

Signal  OJUxr.     80/6/'»7.) 
Tbe  balloon  stores  comprised  1   winch  (worked   by 

i...3>     j-_ .  i.Ti —  r    _^  waggons 

.   transport- 
iiBion  waggon. 

Signal    Corps    instructed    in 
compriBed  50  non-commisaioned  officers  and 

iser.  Kite  experiments  b;  Lieut  Wiae,  of  the  9th  Inf. 
Eegt,  in  Govemor's  luand  {New  York).  He  aacended 
10  feet  with  the  help  of  4  HargraTe  kites, 
iggg.  Bpaniah-American  War,— Mobilisation  of  the  Balloon 
Diviaion  in  Tampa  (Flor.),  It  was  propoaed  at  first  to 
form  2  divieiona,  each  to  be  provided  with  2  baUoon^ 
1  gaa  generator,  IflO  gas  cylinders,  and  the  lequisite  means 
of  transport,  for  tbe  transference  of  the  materials 
neceasarj  for  the  praparation  of  the  gas. 

Major  Mazfield  had  to  proceed  to  Cuba  with  General 
Shafter,  before  the  completion  of  this  organisation,  with 
what  materjala  and  staff  he  conld  procure  in  haste;  he 
landed  on  28th  June  in  Daiquiri,  and  tranaported  tbe 
material  on  7  arm;  waggona  to  headquarters,  arriving 
there  on  2(lth  June. 

SO  June.     Ascents  before  Santiago  da  Cuba. 

Discovery  of  the  Spaniah  fortifioaiiona.  First  certain 
oonfirmatiDn  that  Admiral  Cerrera'a  fleet  lay  in  the 
harbour. 

1  Jnlj.      Mekr  El  Poso. — Diaoovery  of  the  positions  on  the  San 
Juan  Hill ;  ascent  made  SOO  m.  in  front  of  the  Spanish 


of    the 
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U>8.  50  m.  and  shootiDg  the  tolloon  down.    (ty.  S^Kyrt  of 
1  Jwr.  thi  Ckuif  Signal  Officer  to  the  SterOary  iff  War,  80th 
July  1898  ;  and  /.  A.  M.,  1899.) 

After  the  conclaBioii  of  the  war  a  German  kite-balloon 
was  procured  (800  cb.  m.)' 
IMA-4-  Tbe  War  Department  show  great  interest  In  tba  de- 
velopment of  the  dyDamio  flying  machine,  and  havB  to 
this  end  assisted  Professor  Lan^e;  in  the  ezparimenla 
with  hie  flying  maohine  at  Waamngton  with  considerable 
stuns  of  money. 

9  ]E>.  JAPAN. 

1MB.  During  the  siege  of  ttie  Duke  v.  Aidzu'a  fort  at 
Wakamatzu  b;  the  Imperial  troops,  at  the  time  of  the 
oyerthrow  of  tha  Siogun's  dominion,  tbe  besieged  Bent 
up  a  hit«  lifting  a  man,  who  discovered  in  this  way  the 
position  of  the  Imperial  army. 

It  is  said  that  the  man  once  ascended  thus,  carrring 
explosives,  which  he  threw  at  the  enemy,  but  witnont 

IVtt.  During  the  campaign  near  the  Eumamoto  fort, 
especially  near  Tawaraeaka  (Taharasaka),  small  captive 
baUoons  were  prepared  by  the  relieving  army,  which 
were  h)  be  sent  up  behind  the  line  of  the  besiegers  to 
discover  their  position.  The  besiegere  raised  the  siege 
and  diew  off  to  Suden  as  the  flret  balloon  which  was 
i«ady  WM  on  the  way  to  Eumamoto. 

isee.  H^KH.  Prince  Komatsu  ascended  in  a  balloon  belong- 
ing to  the  Oenuan  Balloon  Division  in  Berlin. 

ISto.  A  captive  balloon  (370  cb.  m.)  ordered  from  Ton  of 
Paris.  Height  of  ascent,  400  m.  Various  ascents  after 
delivery  in  Japan. 

The  varnished  silk  became  sticky  after  soms  years, 
and  the  envelope  could  no  longer  be  straightened  out. 

The  Imperial  Japanese  Artillery  Division  constructed 
a  new  Bmall  balloon  of  Japanese  material. 

Ig9e.       A  division  of  the  Engineers  made  various  experiments 
Ans,      with  different  balloon  materials  and  balloous. 

1899.       Discovery   of   a    special   varnish    (by   tbs    Reseanib 
"Otc.      Division)  which  is  insensitivH  to  heat  and  cold.     Trial 
experiments  against  heat  were  stade  in  Taiwan,  and 
against  cold  at  Eamlkawa  in  Hokkaido. 

Various  models  of  balloons  were  conatruct«d,  and 
the  ones  considered  good  on  the  small  scale  were  con- 
structed and  tested  on  a  larser  scale.  Among  these 
a  form  of   balloon   suggeatea  by    Captain    Tokunago, 
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1B99.  which,  was  a  cautare  balloon  tapered  b 
""■      ends,  was  found  to  giw         '         " 

constnicted  on  a  lai^  bc 

uae  in  modem  war&re,  although  the  methods  of  soBpen- 

aion  and  inflation  le&ve  muoh  to  be  desired. 

loot.  Formatioa  of  a  Balloon  Division  (Hi^or  Tokouafp), 
nhicli  was  sent  to  Port  Arthur,  provided  with  a 
Japanese  Ute-hallooit  (410  cb.  m.),  and  played  a 
prominent  part  duricg  theuege.  {Cf.  I.  A.  M.,  ISOC; 
C.  V.  O.,  Japan.  Tnilitariiche  LuftKhiffahrt  mahTtnd 
der  Selaperung  'ma  Port  AHhttr.) 

Itw.  Introductioij  of  the  Paresval-Sigsfeld  kite-balloaii  and 
the  German  balloon-train  (Riedinger). 


The  Chinese  Government  ordered  2  balloons  (500 
cb.  m.  and  3000  cb.  m.}  from  Yon  of  Paris. 

These  balloons  were  tested  and  forwarded  b;  the 
aeronaut,  Panis,  to  Tientsin  in  China  (^.  La  Ni^iu/re,  No. 
7IS).  The  balloons  did  not  arrive  in  good  condition,  the 
varnish  having  become  verj  sticky  under  the  action  of 
the  heat  on  the  voyage.  A  shed  was  next  built,  of  mats, 
for  the  storage  of  th«  materials,  also  an  elegant  pavilion 
from  which  the  Vice-Emperor  migbt  witness  the  ascenL 

The  Srat  ascent  was  only  poE<sible  four  months  after 
the  arrival  of  the  balloons.  The  baUoons  were  after- 
wards deflated  and  handed  over  to  the  care  of  the 
Chinese  military  authorities,  who  made  no  further 
ascents,  since  the  material  was  ^uite  nnfit  for  nse  after 
beinf!  stored  in  the  shed.  In  addition,  the  gas  generator 
was  badly  damaged.  In  spite  of  these  facts,  new 
material  was  ahorUy  afterwards  ordered  from  the  same 

At  the  capture  of  Tientsin  by  the  combined  armies  tbe 
"  "  '    o  the  hands  of  the  Russians 


(/.  A.  M.,  leoa,  p,  5). 


Sir.: 

Purchase  of  balloon  stores  from  SonrcouTs  successors 
in  Paris. 

Jfaterial,  — Steam  winch  of  a  new  pattern  by  Schneider 
kCo.,  Creosot;  balloon  of  varnished  silk  (660  cb.  m.), 
with  air  balltiKt  ;  000  ro.  cable.  Hervf's  system  of 
suspending  the  oar  (c/'.  Chapter  IT.,  g  24,  fig.  SE>). 


ON    UlUTART 


B.  MILITARY  APPLICATIONS  OF 
BALLOONS. 


9  1.  OAFTIVi:  BAZJXMNS. 

1.  To  discover  the  strength  and  advance  of  the  eoem;  on 
land  and  in  naval  warfare,  to  eiplois  navigable  craters,  to 
discover  the  approach  of  ships,  the  hsrbonra  and  the  torpedo 
batteries,  adag  also  photography  and  wireless  telegraphy. 
Discovery  of  approaching  submarine  boate, 

2.  For  observations  on  the  development  and  conrae  of  the 
battle  (in  forts,  positions,  and  naval  battles,  with  the  use  of 
photography  and  wireless  telegraphy),  and  to  direct  the  fire  of 
the  artilleiy. 

S.  To  deceive  the  enem;  as  to  the  positions  occupied  by  the 
main  body  (Tonkins,  R.  <U  FA. ,  1890). 

i.  For  optical  signalling  over  great  distances,  especiaUy  at 
night,  but  only  when  wireless  telegraphy  cannot  be  employai. 


S  2.  THEE  BAIXOONB. 

1.  For  the  discovery  of  large  fortifications  and  enclosed 
positions  by  passing  over  them  (using  photography  and  wireless 
telegraphy).  In  naval  warfare,  on  the  high  seas,  to  search  for 
the  arrival  of  the  enemy  from  great  distances. 

2.  For  the  transport  of  persons,  carrier-pigeons,  and  postal 
matter  out  of  besieged  cities. 

8.  For  throwing  explosive  bodies  and  fire  missiles  on  to  the 
enemy. 

Resolution  of  the  Peace 'Conference  at  La  Hagne,  1S98: — 
"  The  Powers  agree,  for  a  period  of  five  years,  to  prohibit  the 
throwing  of  bombs  or  explosive  materials  Irom  aii-Wloons,  or 
using  analogous  means"  (c/.  /.  A.  M.,  1900).      This  time  has 

%  3.  PILOT  BAXLOONB. 
(o)  CJaptlTsr— 

1.  For  signalling  over  long  distances  by  nighL 

2.  For  finding  the  direction  of  the  wind  in  the  higher 
atmosphere  before  sending  up  larger  captive  balloons. 

(S)  Free  :— 

S.  For  finding  the  direction  of  the  wind  in  the  higher 
atmosphere  before  sending  away  free  balloons. 
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4.  For    th6 
postal  matter   i 
1870/71.) 

5.  As  balloon  torpedoM,  in  combinalioii  mth  eiploalTe  bodies, 
for  dropping  the  latter  over  the  enemy's  positioDB  (Venice,  1819). 
Ver;  nncertain  nnlcas  accompanied  by  &ee  balloons,  or,  still 
better,  air-aMpB. 

Literaiun. — Moedebeck,  ffaruJimek  der  Lvfiachiffakrt,  Leipzig, 
1885 ;  Brug,  Die  Lu/lachiffakrt  uiuj  ikre  Vtrwendung  tm 
Eriege,  Munieli,  18S7  ;  Steenackere,  Lea  THi^apha  et  la 
Prnta  pendant  la  guerrt  de  1870171,  Paris,  IS83  ;  Hoemes, 
tfber  Feiaeliallon-Slationen  Kmi  deren  Ersaiz  im  Latid-  itnd 
SeekrUge,  Vienna,  18SS ;  DiboB,  Lea  atro^ala  dana  tetir 
utiliaation  mililaire,  Paris,  1883  ;  Orlow,  Die  TaktikiUt  XhA- 
ballona,  St  Petersburg,  1S92  ;  ETserzUr-SiglemetU  fUr  Lufi- 
tchiger  V.  SJIOI'OS,  Uerlin,  1903,  Part  IV. 


0.  FIRING  AT  BALLOONS. 


i  1.  FIBINe  BT  MEAira  OF  HAND  WIULFOyB. 

1,  ErojocttleB.—The  shot  directed  vertically  upwards  ascends 
to  the  greatest  height.  With  rifles,  given  an  initial  velocity  of 
GOO  to  600  m/aec,  the  greatest  height  theoretically  attainable 
is  12,B00  to  18,000  m.,  the  reaiatance  of  the  air  being  left  out  of 
consideration. 

It  is  poEaible  to  atrike  a  balloon  400  m.  high  from  a  distance 
of  1600  m.  The  nearer  the  balloon  approaches  the  fire  the 
greater  are  the  limits  of  its  zone  of  danger,  being  greatest 
perpendicularly  over  the  firer. 

After  a  knowledge  of  the  mechanical  power  of  the  weapon, 
the  chief  difficulty  is  its  use  to  reach  the  object.  If  the 
distance  is  determined  as  accurately  as  possible  with  a  range- 
finder,  the  shooting  does  not  differ  from  any  other,  as  Irmg  as 
the  angle  (angle  of  Bight)  made  by  the  line  joining  the  balloon 
to  the  observer  with  the  horizon  does  not  eiceod  40°.  At 
greater  angles  the  eight  no  longer  gives  the  true  distance,  and 
must  be  smaller  ana  smaller  me  greater  the  angle.  At  80°, 
all  distances  will  be  shot  at  with  the  standing  sight. 

2.  Fioo«diir«  la  firing.  — Dnfaai,  who  has  gone  into  the 
question  thoroughly  in  his  book,  Tir  eontre  lea  Ballon*  (Paris, 
1S86),   gives  the  following  practical  mles  for  the  Oras  rifle 
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Sight  300  m. 
,,     200  m.  aoffidtnt  to  ft  diitanoe 

of  500  m. 
„     SOO  m.         „        toadistkneo 
of  800  m. 
Tn°  f,.  Kn'l  t  rfllEquBlitheegtimBted distance. 

„  /U    woo      a      jgjj^jj,^    (^^^^^^^^j^j_ 

itn°tr,MV'  S^J  0-)  EqiuJ  I  tte  eatimatad  dUtance. 

""   "  ""   I  a  1  (2)  &0  to  100  m.  farther  than  (1). 

nn'  tnA.n'\&  I  (l)Equitl(the  estimated  distance. 

J^  i(2)B0m.^herthan(I). 

ThA  angle  at  sight  may  be  determined  with  a  simple  paper 

qnadrantj  or,  after  a  little  practice,  astitnated  by  eye, 

S.  Action. — A  captive  t^lloon  will  seldom  approach  so  near 
that  it  can  be  shot  at  with  rifles,  thoueh  occasionally,  when  it 
oomca  within  the  range  meotioned  in  (1),  it  can  be  shot  down 
with  the  eipenditure  of  much  ammunition, 

A  free  balloon  can  easily  avoid  the  fire.  This  most  therefore 
be  directed  against  the  passengers,  and  only  when  obBerratton 
■hows  that  the  latter  may  probably  be  hit  must  the  balloon  be 
fired  at.  Pilot  balloons,  which  are  within  range,  can  easily  be 
shot  down. 

Shot  that  grazM  causes  the  greatest  damage  to  the  envelope  of 
the  balloon. 

g  Z  FIEme  WITH  CAIfKONS. 

1.  General. — The  cannon  becomes  of  use  in  shooting  down 
balloons  BB  soon  as  the  distance  becomea  too  great  for  the  use  of 
riflea.  Gannon  may  be  used  with  effect  up  to  a  distance  of 
8000  m.  in  warfare  on  land.  Those  firins  shrapnel-shot  are 
most  effective.  Explosive  bombs  with  foses  may  also  be 
employed. 

On  account  of  the  large  angle  of  elevation  at  short  distances, 
the  gun-carnage  must  allow  a'sufficient  elevation  of  the  gun.  The 
greater  ihe  distance  the  smaller  will  be  the  angle  of  elevation. 
For  a  balloon  200D  m.  high,  at  a  distaace  of  7000  m.  it  is  16'; 
atSOOOm.,  U°.  The  greater  distance  also  requires  less  travers- 
ing in  order  to  follow  the  balloon  with  directed  shots.  The 
diapersion  of  the  shell  on  exploding  increases  also  wit^  the 
distance,  since  ths  remaining  velocity  of  the  whole  shot  will  be 
smaller,  and  consequently  the  force  tending  to  spread  ont  the 
shell  will  have  a  greater  influence  on  the  movementa  of  the 
separate  particles.  This  tends  to  simplify  the  shooting  of 
balloons  at  great  distances.  The  assnmptian  that  the  Bring  is 
rendered  more  difficult  by  a  to-and-fro  motion  of  the  balloon  is 
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Tlie  direction  may  be  fonnd  oonreniently  with  a  nnge-fiader 
Boitabl;  graduated. 

Cannau  oaniiot  b«  employed  effecHvel;  to  fire  at  ballooDS  at 
short  distances  away — the  action  is  too  ^ow,  and  the  movement 
of  ths  object  cannot  be  followed  quickly  enough.  Krupp  experi- 
mented, in  1870,  to  get  over  tlua  difficulty  Dy  the  constmctiou 
of  a  balloon  cannon.  It  failed,  however,  to  serve  any  usefbl 
purpose,  and  the  poor  results  attained  with  the  cannon  must  be 
attnbnted  to  this  difficulty.     (See  also  RigUmeid  mr  U  ttrvice 


batt«riea  of  from  4  to  fl  cannon.  The  methods  used  may  be 
found  in  the  articles  (pven  below.  [See  BxerzUr-RigU. ,  der 
Feid-AHUUrit ;  SchUasajdeituiig  fUr  die  Fusa-ArtilUrie,  p. 
19  ;  T.  Seydlitz,  Die  Shiaingtln  der  riiuiKA^n  Feld-ArfUlerie 
tm  Jahre  1891,  Dresden,  1692,  p,  25  ;  ShiexrregeCn  der  FNiu/ngt 
und  Belagerangt-ATt  in  Euailand,  published  under  the  (Sec- 
tion of  the  Artillerie-Hauptverwaltuog,  1900  I  MiUtilvitigen  iibir 
Oeqenslandt  der  AriUUrie-  ■und  Oenie-Wtseiis,  1901,  vol.  1.  ; 
Vallier,  "Tir  contre  lea  Ballons,"  Ittvut  d'ArHlltrie,  ixx. 
16/4/'87  ;  £.  de  I'A.,  1890  ;  /.  A.  M.,  1901,  p.  67.) 

3.  Action. — Captive  balloons  will  be  raadm  shot  down  aa 
soon  as  th^T  distance  ia  accurately  known.  Their  height  and 
movements  eoanely  increase  appreciably  the  diffictdty  of  foot- 
ing. Near  the  h^loon,  explosive  shells  and  boming  liisas  set 
it  on  fire. 

3hot  or  pieces  of  shell  striking  ths  balloon  caose  it  to  lose 
goa  and  sink  more  or  less  slowly. 

Free  or  pilot  balloons  are  more  difficult  to  shoot  with  Geld 
artillerj,  and  can  only  be  followed  at  considerable  distances  and 
not  too  gi'eat  heights. 


D.  THE  MILITARY  AIRSHIP. 

Although  the  military  air-ehip,  even  the  Lebaudy  air-ship, 
has  not  yet  been  brought  to  a  state  of  perfection,  and  the  fbllow- 
ing  statements  are  cooseqaently  based  on  suppositionB,  yet  it 
may  nevertheless  be  not  premature  to  set  forth  some  considem- 
tions  concerning  the  ideal  of  military  air-ship  travelling. 

The  utility  is  dependent  on  the  mechanical  power  of  ths 
vessel.  For  thie  the  following  must  be  taken  into  aooount ; 
independent  velocity,  possible  length  of  voyage,  oanying  power, 
light  power-generating  material  testing  for  a  long  tune,  skilled 
personnel. 


t   UlIilTART  BAIiLOONINO 


§  1.  BEOOHlTOIIBmQ. 


Air-sMps  Bhonld  be  of  nse,  befara  the  oommeiiaBinent  of 
hostilitieB,  for  investigating  the  approach  of  the  enemy  and  the 
strength  of  Us  army,  and  the  atate  sa  regarda  annament  of  the 
enemy's  outposts,  so  far  as  can  be  obaerred  from  the  frontier. 

If  the  ^ntier  can  be  crossed,  the  above  problents  may  be 
salved  much  more  completely.  The  greater  the  mdiua  of  action 
of  the  air-ship  is,  the  more  usefol  it  will  prove.  It  must  be 
remembered  that,  with  the  prevailing  west  winds  of  our 
latitude,  development  againat  the  west  will  be  most  favourable  ; 
if  the  air-ahip  is  damaged,  the  chances  of  its  beiag  earned 
homewards  by  the  wind  are  better.  The  strategical  value  of 
the  air-ship  moat  be  conaidered  in  comisctiaD  with  Marconi 
telegraphy,  with  which  the  Cavalry  Divisiona  in  the  field  must 
also  be  equipped. 

The  efficacy  of  the  military  air-ship  as  a  means  of  obtaining 
information  will,  for  the  present,  cause  this  to  remain  ita 
chief  sphere  of  activity. 


g  2.  THE  HnJTABT  AIB-SHIP  AS  VFHAIOTS. 

The  increasing  difficulty  of  directing  artillsry  Rre  at  an 
enemy  who  is  in  position  at  great  distance  away  is  one  of  the 
problems  which  will  be  solved  by  the  development  of  the  toili' 
tary  air- ship. 

In  a  manner  analogous  to  the  action  of  the  torpedo  in  naval 
warfare,  the  heavy  artdlery  of  the  field  arm;  will  be  reinfotced 
is  destructive  power  by  air-torpedoes  directed  from  the 


reganlsr 


_  ..._   ._„ ._. a  mannerwill  bemore  humane  than  oneas 

at  present  condncted,  since  in  this  case  only  the  destruction  of 
the  means  of  reaiatance  of  the  enemy  will  be  aimed  at ;  whereas 
in  shooting  over  long  distanoea  useless  destrnctian  of  another 
nature  is  wrought,  and  is  indeed  quite  unavoidable  (,e.g. 
Deatructioa  of  the  library  and  theatre  during  the  si^e  of 
Slraaabnrgi.  E.,  1870/71}, 

The  means  of  destruction  to  be  cast  from  the  air-ship  will 
include  the  strongest  eiploaive  bomb  materials  and  poisonous 
gases,  which  will  render  the  positions  in  the  regions  under  fire 
untenable  bj  man,  and  render  the  food  and  ^rage  which  is 
affected  unusable.  Agunst  other  air-ships  and  balloons  quite 
light  flares  can  be  ma<^  use  of,  designed  to  act  only  after  they 
have  been  thrown. 

The  transport  of  such  fighting  material,  technically  considered 
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front  ui  aeronautical  stendpoint,  is  onlj  poeaible  in  vtnj  mull 
quantitieg. 

The  following  points  muat  be  borne  in  mind  in  designing  a 
inilitaiT  air-abip : — 

(a)  It  amat  be  able  to  travel  at  anch  a  height  that  it  is  as 
safe  as  possible  from  rifle  flre. 

(i)  It  must  be  able  to  cast  oat  such  a  quantity  of  ammanition 
that  tbe  oliject  of  the  fight  naj  he  accompliehed. 

(c)  It  moat  cany,  in  addition,  a  quantitj  of  ballast  snfficient 
to  ensure  a  safe  return  and  landing. 

The  dispoBable  ballant  of  a  militor;  air-ahip  most  be  divided 
into—  "  Fighting  ballast "  for  throwing  over  the  object ;  ballast 
for  use  in  attaining  a  safety  zone  ;  manceuTring  ballast  for  the 
outward  and  return  voyage  ;  and  landing  ballast. 

How  great  a  quantity  of  explosive  material  must  be  thrown 
ont  to  cause  a  sufficiently  domaginf;  action  can  only  be  learned 
by  trial  (e/l  A,,  %  2).  When  the  material  is  thrown  oat,  the  air- 
■hip  of  course  ascends,  aad  tlie  height  of  asceut  may  be  easily 
detenutned  by  the  law  governing  the  action  of  ballast. 

MxampU. — Asaumine  that  Benord-Ereb'a  ur-ship  (IBSl)  or 
Graf  von  Zeppelin's  air  ship  (1900)  throws  out  100  kg.  ammuni- 
tion, then  the  height  may  be  determined  by  the  formnla  : 

M=A,-A,  =  8000£, 

after  substituting  the  values  conraaponding  to  the  paTtioular 
■ir-ahip. 


For  Renard-Ereb's  air-ship,       4A=8000  x   -,^  =***  m- 
ForGrafv.  Zeppelin's  air-ship,  aA=8000  x 


"1800 

..J0?-  =  78m. 
10,200 

i.e.  in  this  case  the  larger  and  heavier  air-ship  is  superior  to 
the  smaller  and  lighter  one,  since  its  position  of  equilibrium  oa 
regards  altitude  is  altered  comparatively  little  by  the  loss  of 
weight.  The  kiqb  of  safety  gainst  rifle  fire  baa  its  lower  limit 
at  a  height  of  1  GOO  m.,  according  to  the  available  data. 

Neglecting  the  temperatures  of  the  gaa  and  air,  the  normal 
heights  for  the  balloons  are  :— 

Renard-Ereb's  (A. V  ^  2000  kg.  ;  G.^1900  kg.,  including 
1 00  kg.  ammunition). 

n=:^  =  ?5??  =  l'06,  corresponding  to  a  height  of  3S0  m. 

(C/.  Table  XTIl.) 

Graf  V.  Zeppelin  {A.V  =  11,GOO  kg.  when  97  per  cent,  foil; 
G>10,300  kg.,  including  100  kg.  ammuDitdon). 


ON   HIUIART   BALLOON IHO 


comsponding  to  a  buKbt  of  Si 

afore  be  in  a  potdUon  to  esoap 

of  safety  even  bjr  tlie  use  of  manaeuvTing  and  landing 


ITeither  vessel  would  therefore  be  in  a  pouUon  to  escape 
the  zone  of  safety  even  by  tlie  use  of  manoeuvriiuE  and  fan 
ballast.  ■'J  "^ 


LT-sfaip  will  fiitt  pla;  a  part  of  SQpteme  impdrtance  ai 
weapon,  when  heavy  artilleiy  is  not  a  certun  enoagb  D    ~ 


s  against  the  enemy  (great  range  and  inaufficieiit 
obsetratious),  or  aseless  (as  when  out  of  range,  or  against  the 
retreat  of  the  enemy  aftar  a  fierce  battle,  to  rout  them  com- 
pletely). 

It  must  be  remembered  that  even  an  ideal  air-sfaip  will  be 
dependent,  to  some  extent,  on  the  weather,  agunst  which  it 
will  be  necessary  to  erect  some  kind  of  a  shelter. 


gS.  IHBOVIKQ  OUT  BALLOON 

We  may  assume  that,  if  handled  skilfdll^,  the  object  aimed 
at  will  be  bit  very  exactly.     We  mnst  distinguish  h«tween  the 
throw  when  the  air-ahip  is  at  rest  and  that  when  it  is  in  motion. 
In  throwing  out  while  at  rest,  which  is  only  possible  when  the 
air-Ehi[>  con  travel  against  the  wind,  the  followiiig  points  must 
be  considered : — 
(a)  The  height  of  the  object.     This  may  be  accurately  deter- 
mined trom  the  oontoni  lines  on  t^e  map,  or  &om  a 
determination  of  its  normal  barometric  height.      Both 
must  be  done  before  starting. 
{b)  The  height  of  the  air-ship  above  the  object.      The  baro- 
metric height  is  read  and  reduced  to  nomuJ  eonditious. 
The  difierenoe  in  heights  as  found  from  (A)  and  (a)  ^ves 
the  height  above  the  object. 

(c)  The  velocity  of  the  wind.    May  be  read  on  an  anemometer 

in  the  air-ship,   or  determined   beforehand  by  captive 
balloons. 

(d)  The  time  of  fall ;  given  by  the  law  of  gravitation,  from 
the  determination  under  (b). 

The  height  of  faU  =  ft  =  j-|. . 

Whence  the  time  of  tall  i  =  W^  • 

(e)  The  resistance  of  the  ail  R=  2  Ffl". 
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For  known  missiles,  the  drift  for  diSereat  heights  aad 
wind  velocities  may  be  dst«nnined  pnctically. 

(j)  UnsteadinBHS  of  tha  air-ship.  The  irregulnrit^  of  the  pres- 
sara  of  the  wind,  and  ita  constant  variatiau  in  directioQ, 
rendeis  it  imposuble  for  the  air-ship  to  remain  perfectly 
steady. 

The  elements  stat«d  niidet(i)  ftnd  If)  must  be  rs^dly  deter- 
mined, and  suitable  tables  have  been  prepared  for  this  imrpose. 

The  irregularity  of  the  wind,  and  the  pecnliarities  ot  the  air- 
ship  mentioned  under  (3),  render  a  pwlinunary  trinl  neoessaiy. 
The  drift  also  ia  determined  by  this  method,  before  the  ]arg« 
air- torpedo  is  oast  out. 

The  air-torpedo  moat  be  brought  by  sieht  vertically  over  the 
object  by  steeriiie  the  air-aliip,  the  value  of  the  mean  drift 
previously  determined  being  allowed  for. 

In  throwing  out  a  missile  while  actually  travelling,  the  velocity 
of  the  air-ship  must  be  taken  into  account,  as  well  as  the  elements 
(a)  to  (9]  given  above,  since  this  velocity  is  also  possessed  by  the 
body  thrown  out. 

The  determination  of  the  proper  point  is  now  greatly  increased 
in  difficulty.  Tta  position  is  a  f\inction  of  the  relative  height 
of  the  air-ship  above  the  object,  of  the  velocity,  and  of  the 
drift,  and  allowance  must  be  made  for  all  these  factors.  For 
this  purpose,  motion  either  with  or  againat  the  wind  is  the 
simplest.  On  account  of  the  point  on  the  earth  over  which  the 
missile  must  be  thrown  out  not  beine  in  general  well  marked, 
it  is  necessary  to  use  also  angles  of  sieht. 

The  problem  before  the  aeronaut  is,  then,  as  follows : — For  a 
given  height,  velocity,  and  drift  to  find  the  necessary  angle  of 
depression,  at  which  the  missile  must  be  thrown  out  in  order 
that  it  may  toll  on  to  the  object. 

The  casting  out  of  the  missile  ogaiust  the  object  while  travel- 
ling ia  governed,  therefore,  by  the  same  rules  as  those  governing 
the  discharge  of  a  torpedo  from  a  torpedo  boat. 

IE  the  imlilaiy  air-ahip  can  carry  several  air-torpedoes  at 
once,  it  is  without  doubt  an  advantage.  Itia,  on  the  other  hand, 
no  great  disadvantage  if  it  ascends  more  frequently,  each  time 
taking  up  a  new  missile,  and  if  the  right  position  can  be  found 
each  time  for  the  discharge,  and  the  destructive  result  of  the 
missiles  is  as  was  expected.  It  is  of  the  greatest  importance  to 
ensure  that  the  carrying  power  ia  not  duniniahed  by  a  loss  of 
ns,  owing  to  the  discharge  of  the  ammunition,  or  at  least  that 
Qte  vessel  may  he  replenished  with  gas  simultaneously  with  the 
reloading  of  air- torpedoes. 


.Google 
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§  i.  AIB-SHIF  AOAIMST  AIE-SHIP. 

An  enemj  in  the  air  must  eTentiiallj  be  fought  in  the  air  itself. 
It  is  diEGcnlt  at  the  present  time  to  foretell  bow  such  a  battle 
would  pro^ss.  According  to  the  practical  knowled|;e  of  the 
build  of  air-ahips  up  to  the  present,  the  folloiring  points  most 
be  agreed  to  ;■ — 

Striking  ag&inBt  another  air-sfaip,  or  firing  at  it  hy  means  of 
fire  weapons,  ia  equollv  dangerous  to  each  side,  and  must  therc- 
foTC  be  left  out  of  consideration. 

It  may  be  possible,  on  the  other  hand,  t«  cut  at  tbe  enemy's 
olr-ehip  m  trarelling  past,  or  from  above,  b;  means  of  suitable 
apparatus  carried  on  the  air- ship. 

Further,  it  seems  probable  that,  by  passing  above  the  enemy's 
air-ship  and  dropping  on  to  it  quite  small  ammunition  exploding 
on  conlAct  with  an;  Eurfoce,  it  might  be  destroyed. 

Under  any  circumstances,  the  particular  militair  air-ship 
capable  of  travelling  with  the  greatest  velocity  would  be  able 
to  attack  with  ease  another  baring  a  less  velocity. 

Finally,  combustible  misses,  igniting  only  on  striking 
a  body,  would  be  dangerous  weapons  mrectad  against  the 
enemy  8  balloon,  and  could  perhaps  be  used  with  advant^ 
also  b;  a  slow  moving  ship  against  a  faster  one  if  only  it 
could  attain  a  height  suffloiently  great,  njoro  rapidly  than  its 
opponent. 

Balloon  ammnoilion  can,  of  ooDrse,  only  be  oast  out  sideways 
or  upwards  by  means  of  springs  or  compressed  air  (liquid  air )}, 
and  if  the  action  is  limited  to  small  disteuces. 

These  means  of  destructioQ  may  also  be  osed  against  any 
captive  balloons  which  may  be  about. 


9  5.  THE  ADUSEIF  AS  A  MEANS  OF  ISAITSPOET. 

One  may  prophesy  that  the  transport  of  single  passengers  and 
iihportant  letters  tnll  be  carried  out  by  air-ships  more  safely, 
and  in  a  shorter  time,  than  by  any  other  means.  The  rate 
of  pn^resB  will  be  slow,  though,  even  if  the  ships  ore  not  of  the 
highest  de^e  of  perfection,  many  opportnnitieB  occur  by  which 
imperfect  aii-sbips  in  the  hands  of  skilled  conductors  may  he  of 
the  greatest  use.  Their  value  as  a  means  of  transport  will  be 
espedally  graat  on  a  battlefield  where  other  modes  of  transport 
are  lacking. 

In  consequence  of  the  danger  of  attack  by  unbiendly  air-ships. 
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the  traffic  in  the  aii  iu  timoa  of  war  will  ba  priDcipklly  natncted 
to  the  night-tiiae. 

By  its  very  nature  the  air-BMp  can  never  be  uttlued  for  the 
transport  ot  vaiy  lojge  or  heuFy  objects. 

LitemtuTe, — H.  W.  L.  Moedsbeck,  Die  LuftMckiffahH,  Hire 
Vergangen  heit  wtd  iAre  Zakunfi,  in^iondert  dta  Luflxhiff  im 
VerkihT  tmd  im  KrUgc.    atrasaburg  i.  E.    K.  T.  Triibner,  1908. 
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CHAPTER  X. 
ANIMAL  FLIGHT. 

By   PliOFEafiOB  DB  Ea&L   Mt'LLBNHOFF. 


§  1.  LITEEATTntE. 

EXPKBIMENTB  WMB  made  B.B  «arlj  sa  in  tlie  16tii  and  17th 
centuries  to  detemiiite  the  laws  governing  the  Bight  of  birds. 
(Leanardo  da  Vinci  wrote,  in  1514,  the  Codice  »iil  valo  degti 
ticcelli — Paris,  Bouveyre,  18B4 ;  Borelli,  De  molv  animalivm, 
1680.}  These  eiertions  were  fruitleas,  since  obaervations  of  bild 
movements  with  the  naked  eje  are  quite  inenfficient  and  often 
lead  to  faulty  concluaiona  ;  and,  natiuanf,  calculations  based  on 
these  incorrect  foandatioDS  would  also  lead  to  unreliable  and 
erroneons  deductions.  In  later  times  Prechtl  {Unterimehiin^ta 
iibfT  dta  Flag  der  Fogii— Vienna,  Gerold,  1846)  and  Strasser 
[tjbct  dtn  Flitg  der  Vogel — Jens,  Fischer,  1885)  have  taken 
manj  direct  observations,  and  have  sought  to  applj  tbeae 
observations,  with  the  aiil  of  a  mathematical  treatment,  to 
the  bnilding  up  of  a  theory  of  flight.  Pcttigrew  {Encydop^dia 
Brilannica,  ninth  edition,  vol,  ix.,  "On  Flight,"  and  DU 
Ortubemegwitg  der  Tiers— Leipzig,  Brockhaus,  1876)  has  at- 
tempted, with  just  as  little  success,  to  compare  tlie  flight  of 
birds  with  other  forms  of  animal  movement. 

Chronological  methods  (Marej,  La  milhodt  yrayAt^iM— Paris, 
MaHBon,  1884)  and  iustantttneons  photography  (Eder,  Die 
Mtm&rUpkologTapkie  in  Hirer  Anwtndung  auf  Kv/nM  imd 
WisienscKaft—iiiiWe,  Enspp,  1886)  have  made  it  possible,  for 
the  first  time,  to  follow  the  details  of  the  movements,  and  to 
depict  them  reliably.  Both  methods  of  obserratioa  were  in  the 
first  place  developed  by  Msrey  and  applied  by  him.  (Marey, 
La  machine  animale — Paris,  BailliJre,  1878  ;  also,  Le  vol  da 
OTwaui— Paris,  Masaon,  18B0 ;  and  Le  nura/Bement — Paris, 
Masson,  1894.)  Marey's  articles  are,  without  doubt,  the  most 
important  of  all  publications  on  flight;  a  warning  most  be  issnod 
against  the  uss  of  the  older  literature,  namely  that  of  Strasser 
and  Pettigrefr,  which  abounds  in  errors. 
271 
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The  principal  laws  of  flight  have  been  Utelf  collected  together 
by  Ch.  LabroQBse,  but  only  very  anperficiaUy  {UAlrojAiU,  1893, 
jf<».  11-12 ;  1884,  Koa.  1-2). 


g  2.  METHODS  OF  FUQHI. 

We  Mil  diBtingnish  between  five  methods  of  flight:  (a) 
BowiDg  flight;  {p)  Qliding  flight;  (c)  Soaring;  (<;)  aailing; 
(e)  Circling, 

The  flrat  reliable  obaerrations  on  rowing  flight  were  obtained 
with  Harey's  ohrom^raph.  With  this  apparatna  the  rhythm, 
extent,  and  direction  of  the  morementa  were  obtained  for 
diFTetent  points  of  the  Borfoce.  Afterwards  the  form  of  the  whole 
was  determined  photographically  by  several  series  of  ezpoanies, 
rfiowing  the  moTement  of  the  surface  of  the  animal  at  every 
instant.  Since  the  animal  while  in  flight  was  photographed 
from  three  aides  aimultaneously  it  was  possible  to  depict  the 
results  of  the  photographic  exposures  in  relief,  in  order  to  get 
rid  of  the  perspective  fore-shortening,  unavoidable  in  every 
method  of  photagTaphy.  Marey'a  Vol  da  iriieaua  shonld  bs 
consulted  with  rererence  to  the  details  of  rowing  flight. 

"'■■■  "■    .  .    ■  n-    .  ^  ■     .    .     ..     ...n  .  ..  ■  rpHiglitg — 

le  wings  is 

.  ^  _    .   s  kinetic  energy 

geoerated  during  the  rowing  flight. 

Dnring  soaring,  the  bird  remaios  over  a  point  on  the  groand 
without  Sapping  its  wings ;  soaring  ia  rendered  posaiblB  by 
upward  currents  of  air,  forming  over  wooded  land  and  on  mgged 
rocks.     The  activity  of  the  muscles  is        "      >   ■    ..  ■ 


Olidii^  flight  is  rowing  flight  interrapt«d  by  pusiTe  Si, 
the  didiDE,  During  the  guding  the  flapping  of  the  wi 
abandonwC  and  the  flight  is  sustained  by  the  kinetic 


, "  soaring "  of   many  flies, 

stationary  rowing  flight.) 

Sailing  is  seen  ftequently  with  aea-guUa  following  ships  or 
progressive  waves  This  movement  is  caused  hy  the  wind, 
reflected  upwards  aft«r  striking  the  sails  or  crests  of  the  waves, 
holding  the  bird  at  a  oonstantlieight  and  at  a  constabt  distance 
away  from  the  sail  or  the  wave-crest,  oa  the  case  may  be.  The 
diflerence  between  sailing  and  soaring  is,  that  the  animal  not 
only  remains  at  a  constant  height,  bnt  in  the  former  case  is  also 
driven  forwards. 

The  explanation  of  the  circling  of  biidg  is  attended  with 
especially  great  difflculties.  Circling  is  impossihle  in  still  air, 
or  when  the  whole  movement  of  air  proceeds  regularly  and  with 
the  same  velocity  (Gerlach,  Z.  f.  L.,  188S,  p.  281).  It  has 
been  stated  to  he  due  to  the  pulsatioaB  of  the  wind  (lAn^ey, 
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American  Jmatutl  of  Seimee,  18M,  set.  8,  vol.  xlvii.  p.  41J  ;  to 
ascending  currents  of  air  (Lilientbal,  Drr  Vogt^ug  ah 
Gmndlage  der  Fliegekuast — Bi^lui,  Girtner,  1889);  as  nell  as 
to  the  fact  that  wind  velocit;  gradually  iacreoses  with  the  height 
(Lord  Kayleigh,  A'alurt,  vol.  xivii.,  p.  637).  Which  of  these 
poBBibilitie9COFi«ap<>Dda  to  the  actual  circmn  stances  is  a  question 
which  ean  only  be  decided  when  the  slight  movBmenta  of  the 
winds  during  the  circling,  as  well  as  the  cuirantB  of  air  employed 
for  it,  have  been  accurately  determined.  The  problem  may  be 
aolved,  accotdiug  to  Maray  ( fol  des  Oiaeatix,  p.  90),  by  several 
observers  making  simultsneoua  cbronophotographical  exposures 
of  circling  birds  from  diCfereut  poattians,  usingatthe  same  time 
aaccDding  pilot  ballaons. 


1.  The  size  of  the  wing  surfacas  {/)  is  principally  of  import- 
ance in  rowing  flight;  in  passiFe  flight,  i.e.  gliding,  soaring. 
Bailing,  or  cirolin^,  the  total  area  of  the  under-surface  of  the  bird 
{¥)  acts  as  the  li^ng  surtoce. 

2.  Animals  having  similar  methods  of  flight  and  of  different 
weights  {p)  have  geometrically  similar  builds : 

/_ 

Other  expressions  for  the  same  law  are  given  by  Lucy  {Pretae 
teientifiqtie  dea  deux  tiumdes,  1865),  who  puts 
s  —  ^;}>  a^  =  const.  ; 


nst  (Proohtl): 


Harting  {ATckit>ei  ntedlandaiaea,  iv.,  1869),  who  puts 
r'=y5x  oonstanl  ; 


is  of  diiTerent 
p'     ■ 
magnitude,  ths  power  to  glide,  soar,  sail,  or  circle  with  flapping 
the  winga  increases  with  increasing  a. 
4.  The  rollowing  types  of  flight  ma 
according  to  the  Bailing  power  ai 
(a)  Quail  type        o-  =  3. 
(6)  Pheasant  type  (T  =  4.     Wings  short. 
(()  Sparrow  type  v  =  i.     Wings  modentely  long. 
{d)  Swallowtype   v=i.     Wingslong. 
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(e)  Hawk  type       a 

if)  S«a-gull  type    a 

(jf)  Butterfly  type  <r  =  D  u>  i. 
t.  The  rapidity  of  the  flapping  of  the  ning  ia  grestar  the 
smaller  the  animal ;  the  relation  between  the  weight  of  the 
body  and  the  rapidity  of  flBpping  haa  not  yet  been  discovered, 
owing  to  lack  of  data.  The  few  measurenients  hitherto  carried 
out  make  it  probable  that  for  aimilarly  built  birds  the  iiequency 
of  stroke  ia  inversely  proportional  to  the  linear  dimenaions.  (For 
3-4,  see  Miillenhofl', ^e  QroisedeT Flitgflacheii,V&v.geiai.Kiiiir, 
1884,  Bonn.) 

%  i.  POWER  EXPENDED  IK  FLTINa. 

1.  The  quantity  of  muscle  in  a  bird  is  about  one-aixth  of  the 
wdght  of  its  body,  this  applying  equally  to  large  or  small 
animals.  The  same  relation  exists  approximately  between  the 
muscle  culture  and  bodily  weight  for  birds  as  for  running  and 
leaping  mammals. 

2.  Tlie  power  of  the  muscles  of  birds  is  not  greater  than  that 
of  mammals  ;  no  difierence  exists  in  the  jiower  of  equal  weights 
of  muscle  between  large  and  small  animals. 

3.  Large  animals  have  to  perform  rather  more  work  in  order 
to  raise  themselves  from  the  ground,  in  proportion  to  their 
weight,  than  small  animals.  Large  animals  have,  on  the  contrary, 
an  advantage  over  smaller  ones  in  that,  in  straight  flight,  they 
have  to  overcome  a  comparatively  small  head  resistance.  The 
advantage  and  disadvantage  about  com|iensate  one  another. 
(For  fuller  account,  see  Fuchs,  Rieaen,  and  Zurerge,  Koamos.  is,, 
Ko.  2,  1885.) 

4.  The  velocity  attainable  in  flight  by  large  and  small 
animals  is,  spelling  geneiolly,  the  same.  (For  1-4,  see 
Uullenhofl',  IHe  Orossi  der  Flugarbeit,  PflUgers  Arcbiv,  1886.) 

5.  Everything  known  with  regard  to  muscle  oultlire  tends  to 
show  that  the  ener^  of  the  bird  is  proportional  to  its  weight. 
(Marey.) 

6.  (a)  The  geometrical  similarity  bttwoen  large  and  small 
animals ;  (b)  the  agreement  of  large  and  small  animals  with 
regard  to  their  relative  muscle  culture  and  the  power  of  equal 
masses  of  muscle  ;  (c)  the  relation  between  weight  and  frequency 
of  stroke— -yJ  '■  Pii  —  v,  ;  v;  (d)  the  equality  of  the  velocity 
attainable  by  large  and  smi^l  birds  ;  and  («)  the  proportionality 
between  bodily  weight  and  energy,  are  all  explicable  on  the 
assumption  that  the  resistance  of  the  air  is  proportional  to  /', 
where/  is  the  area  of  the  surface.  (Paiseval,  Die  Mtchanik  da 
riigel/Jupes— Bergmann,  Wiesbaden,  188S,  p.  116.) 


CHAPTER  XI. 

PART  I. 

ABTIFICIAL  FLIGHT. 

By  Majok  H,  W.  L.  Moesebrck. 

A.— HISTORICAL. 

§  1.  LEGENDS  AND  STOBIES. 

Tbb  history  of  Sight  on  the  |>art  of  man  may  be  traced  back 
0  the  time  of  the  aages,  a,  proof  of  how  constantly,  tliiough 


thonsaoda  of  Tears,  men  have  busied  themselves  in  tiying  ti 
'--  '.he  problem  of  ai'^''-=-'  "=  ■-' 
legend  of  Daeda 
t  Tentonio  myth  of  Wieland  the  smith,  in  the  "  Wilkina 


'e  the  problem  of  artificial  (light. 
The  legend  of  Daedalus  and  Ikarus  is  generally  known. 


and  NiHnnga  Saga,    is  less  generally  circalated. 

On  the  command  of  King  Nidimg  of  North  Jutland  the 
tendons  of  both  feet  of  Wieland,  an  inrentive  genius,  were  cut 
through.  In  order  to  CraTel  about  in  B[>ite  of  this  difficulty, 
'Wieland  built  himself  a  flying  cloak  for  which  his  brother  Egil 
provided  him  with  the  feathers.  The  latter  had  also  to  make 
the  first  trial  with  the  completed  apparatus.  Wieland  instructed 
his  brother  to  fly  against  the  wind,  and  gave  bim  purposely  (he 
false  advice  to  descend  with  the  wind,  since  he  fearM  that  his 
brother  might  fly  away  with  the  cloak.  In  descending,  tjiere- 
fore,  Egil  bad  a  terrible  fall.  On  the  pretence  of  improving  the 
apparatus,  Wieland  put  it  on  himself,  with  the  aid  of  his  brother, 
and  at  once  flew  away  to  his  fatherland.  (AlldetUsche  und 
atinordiscke  Heldensageii,  tronalated  by  Friedr.  Heinrich  v.  d. 
Hagen,  Breslau,  1855  ;  Z.f.  L.,  1893.) 

SiniUar  legends  arc  to  be  found  in  the  folklore  of  many  races. 

Narratives  relating  to  attempted  flying  descents  from  towers 

and  houses  are  not  less  numerous ;  in  most  cases  the  results 

are   said   to  have  been  disastrous.      (Kramp,    Betehichlt   dtr 

AiToitatik,  StrasBbu:^,  1784,  Part  II.  ;  O.  Tusandier,  Huloire 
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des  Baltoni,  Paris,  1887  ;  ChanutB,  Progreis  in  Flying  Maehirus, 
New  York,  1883  ;  Hattoo  Turnsr,  Aitra  Caslra,  London,  1865  ; 
Frhr.  rom  Hacen,  tlber  dynamixhe  FlugappaToU,  Z.  f.  L., 
ISS2. )  Since  all  these  stories  give  next  to  nothing  concerning 
the  ajijiaratnB  and  methodB  used,  thev  are  quite  without 
importance  in  the  develi>|)iDent  of  artificial  flight. 

g  2.  LEONABDO  DA  VINOL 

We  find  tha  first  technical  dasigns  for  an  arrangement  to 
serve  for  personal  flight  among  the  papers  left  behind  by 
Leonardo  da  Vinci   (1462-1519).     Acooiding  to  the  ideas  of 


Tta,  Bs.— Uecbanlsm  of  flying  apparstni  (Leoaardo  da  Vlnd). 
and  the  descending  slioke  with  his  feet,  by  means  of  ropes 
p«ssing  over  pulleys  (fig.   81).     The  bat-Kke  wings   were  so 
c^ttnwted  that  they  consisted  of  sereral  ports  (fig.  82),  which 
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flapped  together  with  an  npward  stroke,  whenas  with  a  down- 
ward stroke  the  whole  wing  surface  spread  itself  out.  A  tail 
surface  was  provided  benaith  the  stretched  lei;^  (Gg.  6S). 
{L'A^.,  1874  ;  The  AeronatUical  Annual,  1894.) 


A  French  locksmith,  P.  Besnier  of  SaMi  (Maine),  made  a 
name  for  himself  hj  his  design  of  a  peculiar  apparatufl  for  flyiug, 
differing  from  the  model  of  the  bird,  and  described  iu  the 
JoitmcU  dea  Scava-at  of  the  12th  December  1678. 

He  laid  over  each  shoulder  a  tod  {fig.  84),  provided  at  each 
end  with  oollapsihle  right-angled  aeroplanes  (ABC  D).  With 
every  upward  movement  the  planes  flapped  together,  and,  with 


flying  apparal 


every  downward  movement,  formed  a  wide  soaring  surface.  The 
two  front  surlaces  (A  and  C)  were  moved  by  the  arms,  the 
hinder  ones  were  fastened  by  two  cords  (E,  F)  to  the  legs. 
Besnier  iutagined  that  the  alternate  down-strokes  of  the  surfaces 
—in  front  to  the  right,  behind  to  the  left  (A  and  B)  and  in  the 
opposite  sense  for  0  and  D,  about  the  shoulder  as  fulcrum — 
would  enable  flights  to  be  made.  The  discoverer  did  not 
aupjioHe  that  be  could  lift  himself— only  that  he  could  fly 
from  any  lofty  point  in  any  desired  direction.  (G.  Tissandier, 
La  nawgtUwn  airiantie.     Paris,  1S86.) 

HoU- — Apparatqt  baaed  apoD  Blujilor  princlplee:  Tbe  Kanui*  dv 
BaaqoaviUs  altered  Bauier's  deetgD  b;  buckling  on  an  aeropfane  to 
each  arm  and  let.  Hl<  etperlmeuli  in  Farii  (1T42>  ever  the  Seine 
mliouried. 

Bonnut  prepared,  In  186fl.  two  rudder  wingi  whicb  be  laid  over  Che 
■honlden  and  worked  np  and  down  by  (he  fool.  The  leaies  o(  tbe  wluga 
bad  an  elaatlc  edge.  Tbe  eiperbnaDia  were  wltbont  result.  (O.  Chanute. 
PTOgrctiin  Flying  Machiaet.) 
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form  of  u  8-    He  wu  iible  to  llgbten  Uia  weight  by  tha  Die  at  the 
rndder. 

%  4.  J.  A.  BOBELIX 

Until  the  middle  of  the  nineteenth  centuir,  the  most 
important  work  on  flight  was  J.  Alphonsi  Borelli'a  De  motu 
ttnimaliutn  (Borne,  1680).  At  the  concluBian  of  the  Grat 
scientific  treatment  of  the  flight  of  birds,  the  Neapolitan  scientist 
stated  "that  it  would  be  imposstble  for  man  to  Ry  artificially 


s. 


He  founded  this  atatemetit  oi 
supposition  that  manlaclts  the  large  muscular  force  in  the 
breast,  which  birds  possess,  and  that  he  is  too  heavy  in  com- 
parison to  the  latter—  eepeciall  j,  as  in  addition  to  his  own  weight, 
the  weight  of  the  flying  apparatas  must  be  taken  into  account. 
Borelli  thought  further,  that  it  might  be  quite  [Ktssible  to 
lighten  one's  weight  by  the  use  of  ArchimedeB'  principle,  and 
gave  as  an  example  the  use  of  swimming  bladders  in  flsh. 

"Some,"s8id  he,  "are  of  the  opinion  that  one  could  obtain 
a  vacuous  bladder,  or  one  filled  with  a  very  lieht  fluid,  on  to 
which  a  man  could  hang."  Borelli  himself,  however,  refused 
to  accept  the  practicability  of  this  idea,  although  he  suggested 
that  the  bladder  should  be  made  of  metal.  He  mentioned  the 
size  and  weight  of  the  bladder  which  would  be  necessary,  and 
the  difBculty  of  its  manufacture. 

This  declaration  of  the  impossibility  of  artificial  fl^ht  on 
account  of  the  weakness  of  the  breast  muscles  remained  for  two 
hundred  years  one  of  the  gospels  of  science,  and  hindered  for 
that  length  of  time  the  further  development  of  the  subject ; 
scientists  takinc  for  granted  that  the  bird  possessed  great 
strength  relativ^y  to  man,  and  that  this  was  necessary  for  flight 


InvestfgatJon  of  the  Itfght  of  birds  (c/.  Chapter  X.) 

_j1lowed  by  all  aeronauls,  and  It  la  without  doubt 

le  physluli^icsJ  worlu  published  no  the  BUbJeet  by  Pettlgrew 


wilts  (KarrMllIsi' 


g  G.  E.  r.  BIEEEWEIN. 

Karl  Friedrich  Meerwein,  Inspector  of  Public  Buildings  for 
Baden,  to  whom  apparently  Borelli's  works  were  unknown, 
published  an  article,  "Ob  der  Mensch  nichtauch  zum  Fliegen 
gebohrensey!"  in  the  Obtrrlieini^ken,  MaanigfalligJceiten,  1782, 
and,  two  years  later,  brought  ont  a  Ixiok,  DU  Kunst  zu  fiiegcn 
naek  Art  der  Vogel. 
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He  was  the  first  to  eiperim^uC  on  the  sue  of  wing  surface 
ueceBsaiy  for  a  man,  usiag  as  a  busia  the  weight  and  wing  area 
of  birds.  Taking  the  wild  duck  sa  hja  model,  he  found  that 
a  wan,  weighiog  200  lbs.  with  the  machioe,  would  require 
a  aurfaoe  of  128  hq.  ft.  or  about  12  aq.  m.  Thia  numlier 
has  since  been  verined  by  the  later  experimenta  of  Lilientlia!. 
Meerwein  refused  to  admit  that  the  build  of  a  man  is  very 
Dnauitable  for  flight,  for,  since  a  man  can  hang  quite  well 
horizontally  in  the  air,  his  feet  can  be  used  to  regulate  the 
rodder,  or  a  rudder  may  be  formed  of  the  legs  themselTes  by 
fastening  a  fabric  surface  between   them  ;  and  the  respiration 


Fig.  S5.-  Meeiwein'9  flying  apparatus. 

need  not  be  interfered  with,  since  the  nose  is  so  formed  that 
when  one  is  lying  on  the  stomach  the  air  opposing  the  motion 
cannot  enter  inbi  the  nose  and  lungs.  Concerning  the  necessary 
power,  be  deceives  the  reader  with  considerations  about  the  power 
of  a  man,  and  concludes  in  a  perfectly  unintelligible  manner  that 
the  man  hangs  in  the  wings,  and  that  these  therefore  do  not  come 
into  account  in  considering  the  weight. 

His  apparatus  (fig.  SSjconsisted  oftwo  light  wooden  frames 
covered  with  calico,  which  assumed  the  form  of  a  swindle  (A) 
when  spread  out ;  this  was  constructed  in  1781,  and  had  an 
area  of  111  sq.  ft,  weighing  58  lbs.     The  aviator  was  imagined 
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FlO.  Efl.— Degon'i  fljing  iippBratni— el( 
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„  „  ,  '  proposed  an  emineDoe  over  deep 
water.  According  to  Johann  Lorcnz  Boekmann  (fi«i7i« 
Schriften  pki/sUchen  Inhalls,  vol.  i.,  Carlaniha,  1789)  he  made 
an  experiment  in  Giesaen,  which  was  not  very  Buccessful. 

§  6.  3.  DEGEN. 

The  experiments  of  the  Viennese  watchmaker,  Jakob  Degen, 
carried  out  in  1808  in  Vienna,  and  in  1812  in  Paris,  are  only 
worthy  of  mention  because  he  balanced  the  weight  of  the  flying 
mechanism  by  a  counterpoise  which  hung  over  rollers  on  a  roof 
(that  of  the  Reithaus  In  Vienna),  and,  later,  hung  free  in  space 
by  meaiiH  of  a  small  balloon,  which  met  here  with  its  first 


Fia.  87 Degen's  Bylng  apparatu«— plan. 

application.  The  eilteriraent  lost,  however,  its  aeronautical 
intereat  oii  account  of  this  balloon  coupling,  since  Degen  was 
after  tbia  anon  led  to  ordinary  ballooning  tlight,  the  action  of 
bis  wings  not  being  recorded. 

The  wings  were  furnished  with  clap  valves  in  order  to  decrease 
the  resistance  during  the  upward  stroke,  and  bad  a  surface  of 
lis  aq.  ft.  or  about  11  aq.  m. 

(Jakob  Degen,  Besrhreibung  ei-ner  neu&n  Ftugjaaxhine, 
Vienna,  1808  ;  Zachariae,  QeschiclUe  der  Litflackwimmkun^t, 
Eosaleben,  1823 ;  G.  Tissandier,  La  navigation  afrUnne, 
Paris,  1886  ;  G.  Tissandier,  ifialoire  des  Ballona,  Paris,  1887  ; 
I.  A.M.,\Wi.) 

%  1.  3.  BEBBUNOEB. 
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of  wina  atrokes,  in  May  1811,  on  the  occasion  o[  a  visit  of  King 
Friednch  of  Wiirtt«mberg  to  the  town,  are  of  still  less  ira- 
portance.  In  consequeoce  of  an  accident  to  the  wings,  the 
eiperimenta  were  postponed  until  the  following  day  (30tli 
May).  Berblinger  felt  perpendicularly  dowawaras  into  the 
Danube. 

This  accident  has  given  rise  to  numerous  legends  connected 
with  the  scene  of  the  affair. 

Note.— The  primitive  Imitation  ot  the  flight  of  birda  by  the  tlipplDg 
ol  wlii«a  hu  Men  id  OIMn  ejperimenWd  on  nithout  succeo,  Uiat  It 
would  lead  too  lar  to  recall  here  all  detsUi  relatlog  to  the  numetoua 

Umayberecalled  tbetTredrlchHBrmannFleyder,  otTiibipgen.tpTead 
the  idea,  In  a  publiihad  lactura  of  Bth  Beptembar  IBIT,  that  man  oould 
fly  Ilka  a  bird,  II  only  he  were  trained  to  do  >a  trom  his  jouth,  and  (hst 
he  gave  it  the  uune  time  a  piugramme  ol  such  eierclses  in  flylOE. 

to  fibr.  v.  Weehmar'a  FtvgUchnii  (publlBhed  In  188S  and  18H),  anil  to 
the  eiperlments  on  flight  carried  out  by  Albert  Schiuuti,  in  Paris,  as 
lately  as  15ih  June  190-2.  The  latwr  leaped  from  one  ot  the  Seine 
brldgei,  provided  with  winga,  and  was  only  aaved  with  diOlcultT 
tTom  death  by  drowning  (L'AfT.  July  iwt;  I.  A.  M.,  1»D£,  No.  *, 
ISM.  No.  9). 

S  8.  F.  voir  BEIEBEHO, 

EViedrich  von  Driebero  published  a  pamphlet,  Das  DadaUoti, 

tine  neiie  Flugniasckine  (Berlin,  181S),  which  must  receive  some 


Fia.  SA.—F.  Ton  Drieberg'a  Dadaleon  (afteT  the  orlglDal). 

mention,  aince  he  states  that  man  has  the  greatest  power  in  the 
mnscles  of  the  leg,  and  must  use  these  for  the  movements  of 
flight.  Leonardo  da  Vinci  had,  indeed,  already  expressed  this 
thought  in  his  drawings,  but  his  drawings  were  only  discovered 
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and  published  for  the  first  time  towards  the  end  of  tha  nineteonth 
century ;  und  after  the  appearance  of  Borelli's  De  tnotu 
animalium,  in  168D,  no  one  had  b«en  able  to  free  himself  ^m 
the  idea  that  the  wings  must  necessarily  be  moved  with  the 

Drieberg's  proposal  (fig.  88]  conaist^d  of  a  bat-like  Hying 
apparatus  of  ati  area  of  150  sg.  Ft.  or  about  14  aq.  m.,  in  which 
flight  was  caused  by  working  the  wing  strokes  by  treading  with 
the  feet,  while  lying  horizontally. 


A  most  imporlaot  advance  in  the  prt^es 
brought  about  by  Francis  Herbert  Wenham,  who  came  to  the 
conclusion,  after  studying  the  model  of  a  bird,  that  the  lifting 


l's  flying  apparstui. 

power  of  a  large  carrying  surface  may  be  attained  by  arranging 
a  number  of  small  surfacee  above  each  other  in  tiers.  The  large 
surfaces  necessary  for  flight,  said  Wenham,  are  too  difficult  for 
a  man  to  control,  since  they  must  be  IS  m.  lone  and  1'2  m. 
broad  [21 '9  sq.  m. )  in  order  to  carry  him.  Besides  this,  the 
framework  necessary  becomes  too  heavy, 

Wenham  built  a  rigid  framework  of  thin  planka  and  bands  of 


•Wenham't  flying  apparatus  (from  the  rear). 


iron  (fig.  89,  a  a,  b,  dd,  ce)  with  six  thin  holland  surfaces  lying 
above  one  another,  each  4'87  to.  long  and  38  era.  wide.  As  he 
placed  himself  in  a  strong  wind  with  his  head  and  shoulders 
ID  the  triangle  b,  and  attempted  to  hold  the  apparatus  against 
the  wind,  he  was  lifted  up  and  thrown  backwards. 

He  proceeded  after  this  t«  build  a  flying  machine  (figs.  SO, 
91,  92),  in  which  the  aviator  places  himself  in  a  horizontal 
position  in  a  framework  of  wood  (fig.  90,  a,  b  ;  fig.  91,  /}  and 
steel  tie  bands  (fig.  BO,  e,  I),  supporting  above  sis  weba  of  thin 
holland  each  4*87  m.  long  and  3S  cm.  wide,    These  six  aero- 


.;Ic 
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■e  kept  in  parallel  planes  by  vertical  diTisions  of  hoUand 


powerfully  worked  by  the  lega  of  the  aTiat«r  by 


^! 


down  farther  on  the  corresponding  side.     Id  this 

~"""iner,  Wenhara  hoped  to  effect  turning  opera- 

\s  with  his  flying  machine. 

Wenham  mada  several  experiments  which  gave 

him   valuable   results    relating   to  the   driving 

na.  m.  —  aida  power  of  his  arrangement  of  surfaces,  without, 

ilfr^riMi.'    "r  Aerial^I^'omrtkin  "— frora^  the    TVonaoc- 
(kjjis    of   the    Aeronaulkal    Society   of   Qreat 
Britain,   London   and   New  York,    1887,   p.    10.     Wenhara'a 
patent,  No.  1671 ;  ISflfl,  7th  Jnne.) 

§  10.  H.  VON  HELMHOLTZ. 

Aa  a  member  of  a  commiaaion  called  by  the  State  to  decide 
certain  aeronautical  questions  in  the  year  187^,  Helraboltz 
summarised  the  results  of  his  Investigations  on  the  flight  of 
man  in  a  work  entitled  Udier  tin  Tkeortm  geometrisch  aknliche 
Betcegungen  fliiairiger  Korper  beiregend  Jiebat  Anwendung  auf 
dot  Froblem  Lufiballoni  zu  lenktn  (Monatsschrlft  der  Kgl. 
Preussiachen  Akademie  der  Wissenschaftzu  Berlin.    June,  1873). 

He  knew  thab  with  an  increasing  aiie  of  the  flying  body  tto 
work  required  for  aoaring  increased  in  a  much  greater  ratio  than 
the  volume  of  the  body,  and,  therefore,  than  the  muscles  which 
must  exert  the  power.  He  thought,  therefore,  that  it  must  be 
asaumed  that  the  size  of  a  bird  has  an  upper  limit,  which  had 
probably  been  reached  in  nature  in  the  case  of  the  large  hawk. 

Conoeming  bnman  flight,  he  concludes  as  follows  ;^- 

"  Under  these  circumstances  it  can  scarcely  be  considered 
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probftble  that  man,  even  with  the  help  of  the  most  ingeoioui 
wing-like  mechaniura,  depeuding  on  his  owq  muscular  force  as 
the  driving  power,  will  be  plwed  in  ■  position  to  be  able  to 
raise  his  own  weight  in  the  air,  aod  to  retain  it  there." 

g  II.  0.  LniEHTHAI.  ABD  G.  ULIBNTHAL. 

After  this  damaging  critique  of  all  the  elperimenta  on  flight 
hitherto  carried  out,  further  inveatigations  on  similar  lines 
were  suspended  until  Otto  Lilienthal  published  the  results 
obtained  by  him,  working  in  conjunction  with  his  brother,  after 
lung  years  of  quiet  scientific  study  and  experiment,  in  the  epoch- 
making  work,  Der  Vogelfiug  ah  Qruindlage  der  FlUgdcantt, 
tin  Betirag  lur  SystemalU:  cfer  Flugtecknik  (Berlin,  1889).  This 
book  contained  the  discovery  of  the  driving  forward  of  arched 
surfaces  against  the  wind.  A  new  genius  revived  now,  all  at 
once,  the  thought  of  human  flight,  which  had  become  a  subject 
to  be  scoffed  at  owing  to  the  numerous  mishaps  which  had 
hitherto  occurred. 

Otto  Lilienthal  (bom  at  Anklam,  24th  Hay  1S48  ;  died  at 
Berlin,  10th  August  lSf>S)  showed  that  one  must  begin  wilJi  the 
"sailing"  flight,  and  that  first  of  all  the  art  of  balancing  in 
the  wind  must  he  learned  by  practical  eiperiments.  From 
gradually  increaeing  starting  heights  he  made  innumerable 
personal  flying  experiments.  From  a  height  of  30  m.  he  glided 
over  distances  of  200  to  300  m.  in  sailing  flight,  without  any 
exertion,  and  he  succeeded  in  deviating  his  direction  of  flight 
to  the  right  or  left  merely  by  altering  the  position  of  nis 
centre  of  gravitr  by  a  corresponding  movement  of  his  legs, 
.  which  vers  dangling  freely  from  the  seat. 

Afl«r  Lilienthal  nad  attained  sufficient  certainty  in  sailing 
flight,  he  proposed  to  apply  himself  gradnall;  to  rowing  flight 
For  this  pnrpoae  he  constnicted  a  light  motor  of  2^  H.P.  and 
weighing  40  kg.,  and  thoroughly  tested  it.  He  had  also  to 
increase  the  area  of  the  aeroplanes,  which  originally  covered 
from  8  to  10  sq.  m.,  to  14  to  16  so.  m..  by  buildinif  a  double- 
deck  flying  machine  (fig.  93),  and  accustom  himself  to  Sying 
with  the  extra  weight  of  Uie  motor.  As  soon  as  he  was 
sufflcientlj  expert  with  this  he  proposed  to  build  a  new 
flying  machine,  with  which  he  could  nuke  at  first  quite  small 
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In  the  foUawing  sectioD  we  repeat  the  introduction  to  artificial 
Sight  nhicli  he  wrote  for  the  first  (German)  edition  of  thia  hand- 
book in  1S96,  HeeJDg  that  ws  hold  his  ide^a  and  reaearches  as 
a  dear  and  valuable  legacy,  and  deliver  them  u])  to  posterity 
to  boidly  investigate  and  continue  thpm. 


I 


ii 


(Cy.  Z.  f.  L.,  1891,  p.  153.— Lilienthal,  ijher  Theorit  vnd 
Fraxia  dta  freien  Fluges,  p.  286  ;  Uber  -meine  dietjahrigen 
Flv^Bermche,  1892,  p.  277 ;  O'ber  den  Segelfiug  uitd  seine 
Nachakiaung,  1893,  p.  269  ;  Die  TragfoJiigkeit  geWdlUtr 
Fldchen  heim,  praktiacbcB  Stgelfluge,  1894,  p.  14S  ;  ^tlgtmeine 

l.,o„..Ic 
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Omehttpunkle  bei  HertUllnng  und  Anwendung  von  Flugap- 
paTotea ;  The  Aeronaatiad  AnnuiU,  edited  \>y  S.  MeauB, 
Boston,  1396,  p.  7. — Lilieothsl,  "  Practical  Eiperimenta  forthe 
Developmeat  of  Human  Flight," 


ABTIFICIAL  PLIGHT. 

By  Orio  Liliehthal. 

§  1.  QENERAL  OOITSIDEBAIIONS. 

A.  Artificial  lliglit  may  be  defined  as  that  form  of  aviation  in 
which  a  man  flies  at  will  in  any  direction,  by  means  of  an 
apparatus  attached  to  his  body,  the  use  of  which  requires 
peisaoal  skill.  Artificiat  Qight  b;  a  single  individual  is  the 
proper  beginning  for  all  species  of  artificial  flight,  as  the 
necessary  conditiotia  can  moat  easily  be  fulfilled  when  a  man 
flies  individuall;. 

Beaaona. 

1.  The  increasing  size  of  the  apparatus  makes  the  cooatnwtioa 

moie  difficult  in  securing  lightness  in  the  machine ; 
therefore  the  building  of  small  apparatus  is  to  be 
recommended. 

2.  The  difficulty  of  rising  into  the  air  increases  rapidly  with 

the  size  of  the  apparatus.  The  uplifting  of  a  single 
person  is  therefore  more  easily  attained  than  that  of  a 
large  Hying  machine  loaded  vdth  several  persons. 

8.  The  destructive  power  of  the  wind  increases  with  the  size 
of  the  apparatus.  A  machine  intended  to  serve  for  the 
flight  of  but  a  single  person,  is  moat  easily  governed  in 
the  air. 

4.  The  employment  of  small  patterns  of  flying  machines  does 
not  permit  of  any  extended  obaervatian,  because  stable 
flight  cannot  be  maintained  for  any  length  of  time 
automatically.  Therefore  experiments  in  actual  flight 
will  only  be  instructive  when  a  man  participatea  in  the 
flight,  and  maintains  stable  equilibrium  at  will. 


^ .□  gliding  by  a  single  individual,  following 

closely  the  model  of  bird  Riding,  is  the  only  method  which 
permits  us,  beginning  with  a  very  simple  apparatus  and  in  a 
very  incomplete  form  of  flight,  to  gradually  develop  onr 
proficiency  in  the  art  of  flying. 
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1.  Gradoal  develojnoent   of   flight  should   begin  with  the 

eimplest  uppamtitB  and  movementa,  and  without  the 
complication  of  dynamic  mMna. 

2.  The  sailing  flight  of  birds  ii 

i»  carried  on   for  some 
expenditure  of  power. 
8.   With  airapla  wing  BUrfacea,  similar  to  tboSB  of  the  bird. 


5.  The  contrivaDccs  whinh  are  necessary  to  counteract  the 

wind  eflTecta  can  only  be  underetodd  by  actual  practice 
in  the  wind. 

6.  The  SDpporting  powers  of  the  air,  and  of  the  wind,  depend 

on  the  shape  of  the  surfaces  used,  and  the  best  forms 
can  only  be  evolved  by  free  flight  through  the  air. 

7.  The  maintenance  of  eqmlibrium   iu  forward  flight  is  a 

matter  of  practice,  and  can  only  be  learned  by  repeated 

8.  Experience  alone  cau  ttach  us  the  best  forms  of  constrDc- 

tion  For  sailing  apparatus,  in  order  that  they  may  be  of 
aufflcjent  streiigth,  very  light,  and  most  easily  managed. 

S.  By  practice  aud  experience,  a  man  can  [if  the  wind  be  of 
the  right  atrength)  imitate  the  complete  sailing  Sight 
of  binJa,  bj  availing  himself  of  the  slight  upwarf  trend 
of  some  winds,  by  performing  circling  sweeps,  and  by 
allowing  the  air  to  carry  him. 

ID.  The  efficiency  of  sailing  flight  ujioii  fixed  ndnge  may  be 
increased  by  flapping  the  wings,  or  portions  of  the 
wings,  by  means  of  a  motor, 

11,  With  a  proper  apparatus,  which  may  simultaneously  be 

used  for  sailing  and  rowing  flight,  a  man  may  obtain  all 
the  advanloges  of  bird  flight  for  a  certain  duration  of 
flight,  and  may  extend  his  journey  in  any  direction, 
with  the  least  expenditure  of  power  devisable. 

12.  Actual  practice  in   individual  flight  presents  the  beat 

pros|«cta  for  developing  our  cajiacily  until  it  leads  to    ' 
perfected  ft'ee  flight. 

9  2.  sFEomo  ooiraiDiiBAnoira 

As  a  doe  preparation  for  eventual  human  flight,  practice  in 
sailing  flight,  without  the  use  of  beating  wings,  conatitntM  the 


ARTIFICIAL  PLIGHT 


best  begiDDinK.     The  apiiantus  for  this  purpose  must  have  the 
ahape  of  a  bird's  wings  when  extended.     Its  aoaring  and  csriyin^ 


forward  motion.  With  a  proper  position  of  the  wings,  when 
sailing  forward  io  a  poth  slightly  inclined  downwards,  the 
drifting  effect  of  the  air  pressure  entirely  disappears,  while  a 
strODg  lift  remains.  Therefore,  a  wind  with  a  very  slight 
upward  ti'end  will  have  an  uplifting  effect  without  driving  lie 


I  apparatus  backwards.  In  this  way,  momentary  hovering  at  one  \ 
spot  is  poBsihle  in  the  air,  and  it  is  even  possible  to  sail  against 
the  wind  without  loss  of  elevation. 

Favourable  results  are  obtained  when  the  profile  of  the  wings 
is    arehed    upwards    (io    section)   about    -j\    to    ^,   of   their 

Suppose  I 
the  wind,  s 

generated  a  _  , 

the  chord  ab,  but  is  the  resultant  of  a  force  N  normal  t 
chord,  and  of  another  force  T  tangential  to  the  chord.     If  w 
call  F  the  area  of  the  wing,  then  : — 

The  normal  pressure  N  =  ii  x  0-13  x  F  x  i^. 
The, tangential  pressure  T  =  e>c  0-18x  Fxu^.' 


J?o„,i[c 
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The  following  table  shows  that  arohed  surficM  still 
lupportillg  powers  wheo  thej  ara  struck  by  the  air  at  a 
angle  from  abovs — tbat  is  to  say,  when  a  beoc 

Table  oivino  ^  and  S  mb  DiFFBKisr  Valvmb 


' 

0 

f 

■ 

» 

i 

-  r 

o-ooo 

+  0070 

18° 

0-909 

-  0076 

-  8 

0010 

+  0-087 

17 

0-«16 

-0-078 

-  7 

0-080 

+  0-094 

IS 

0-619 

-  0-070 

-  a 

0-120 

+  0-O80 

19 

0-82! 

-0-066 

-  fi 

0-180 

+  0-066 

■iO 

0-822 

-0-069 

-   4 

0-200 

+  0-049 

21 

0-023 

-0-058 

-   S 

0-242 

+  0-048 

'12 

0-921 

-0-047 

_   2 

0-286 

+  0-037 

28 

0  921 

-0  041 

-   1 

0-883 

+  0-031 

24 

0-928 

-0-086 

O" 

0-381 

+  0-024 

26 

0-922 

-  0-031 

+  1 

0-434 

+  0-018 

28 

0-920 

-0  028 

+   2 

0-48B 

+  0-008 

27 

0-91.1 

-0-021 

3 

0-646 

+  0-000 

88 

0-916 

-0-016 

4 

0'600 

-0-007 

28 

0-912 

-0-012 

6 

0-860 

-0-014 

30 

0-810 

-0-008 

6 

0-888 

-0-021 

32 

0-808 

-0000 

7 

o-Tsr 

-0-028 

35 

0-886 

+  0-010 

8 

0771 

-0  085 

40 

0-880 

+  0-018 

9 

0-800 

-0-042 

46 

0-888 

+  0-020 

10 

0-826 

-0-060 

60 

0-888 

+  0-023 

11 

0-846 

-  O-OBS 

6S 

0-890 

+  0-028 

12 

0-884 

-0-oa* 

60 

0-900 

+  0-028 

18 

0-87B 

-0-070 

70 

0  880 

+  0-O30 

H 

0-801 

-0-074 

80 

0-960 

+  0-016 

IS 

o-»i 

-0-076 

SO 

1-000 

-0-000 

Tb«  resisting  components  of  the  air  pressure  T  change,  with 
angles  exceeding  3°,  into  propelline  components,  which  at  an 
angle  of  16°  becrane  equal  to  ^  of  the  lift,  and  do  not  disappear 
entirely  until  30°  is  reached. 

In  the  case  of  the  more  usual  inclinntioits  of  sailing  surfaces  id 
flight,  air  resistancoa  are  produced  which,  acting  as  a  strong 
lifting  force,  also  act  aE  a  force  prapellitig  forward. 

A  current  of  air  rieing  at  an  upward  trend  of  3°  above  the 
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faorizoutal,  acta  upon  a.  hoiimntal  arched  mHfoce  with  a  strung 
uplift  without  driving  it  back.  (This  tH  the  principal  rcBBon  for 
the  soaring  of  birds. ) 

At  3°,  32°,  and  90°  the  air  pressure  will  be  normal  to  the 
chord  of  the  wing  profile. 

How  much  better  adapted  arched  winsB  are  for  flight  than 
plane  surfaces  ia  apparent  from  figs.  96  and  96. 

The  plane  surface  in  fig.  95,  oft,  and  the  curved  aurfaceed, 


FIG.  96. 

fig.  96,  are  of  eqoal  size,  and  are  moved  against  the  sir  at  an 
angle  of  16°  at  the  same  speed.  The  air  *  pressure  on  the  plane 
aurface  is  o  i,  and  that  of  the  curved  surface  upk.  The  former 
has  little  lifting  power,  nbile  it  acts  to  check  the  forward 
motion;  but  the  latter,  pk,  has  a  strong  lifting  jiower,  and 
tends  to  produce  forward  motion. 

At  the  same  velocity,  and  with  the  same  angle  of  incidence, 
the  arched  surface  hae  a  far  greater  lifting  power  than  the 
plane  ;  and  while,  for  propelling  the  plane  surface,  a  further 
expenditure  of  force  is  neces^i?,  the  arched  surface  in  ibis  case 
exerts  a  force  forward  which  can  be  utilised. 


"  Beialtout  prcHnre." 


Google 
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Lft  of  soaring  with  curved 

EXAMPLE. 

A  lailing  gittfoce  of  10  sq.  m.  (107'6  sq.  ft.)  is  raised 
towardB  the  front  st  an  angle  of  3°  t«  the  horizon,  Uld  Klides 
downwards  in  calm  air  at  an  angle  of  6°.  The  angle  of  incidence 
B  of  the  "relfttiTe  wind  "  will  then  be  9°.  With  a.  Tolooity  of 
10  m.  (32'g  fl.)  per  seuond  there  will  be  created  : — 

Normal  pteaauw  N  =  0-8  X  018  X  10  X  I0'  =  104  kg. 
Tangential  pressure  T  =  0-042  x  0-13  x  10  )i  10"  =  6-46  kg. 


T  does  not  act  as  a  resistance  bnt  as  a  propelling  force  ;  but 
N  is  inclined  backward  by  3°,  and  acts  as  a  retarding  farce 
whose  magnitude  ie 

N  1  Bin  3°  or  104  x  0-062  =  5-40  kg. 
Now,  as  the  [iropelling  and  the  retarding  fotoea  balance,  there 
will  be  an  equiponderance  in  the  motion,  and  hence  it  follows 
that  an  arched  carrying  surface  10  m.  in  area  can  suBtain  a 
load  of  104  kg.  with  a  velocity  of  10  m.  at  an  angle  of  6° 
downwards. 

If  other  resistances  come  into  play,  they  will  have  to  be 
separately  considered. 


%  3.  OmECTIONS  FOB  PB&CTtlCAL  FLIQHT. 

Let  us  begin  with  practice  in  sailing  flight.  The  apparatus 
has  10  to  IS  sq.  m.  (107  to  191  sq.  ft)  carrying  area,  and 
weighs  about  20  kg.  (44  lbs.)  if  built  of  willow  wands  covered 
with  shirting.  The  greatest  width  of  the  wings  should  be  not 
over  2\  m.  (g'2  ft.),  and  the  a;iread  from  tip  to  tip  not  over  7 
ot  8ra.  (as  to  27  ft.),  so  that  the  equilibriammaybe  maintained 
by  a  simple  movement  of  the  body,  altering  the  centre   of 

Sravity.  A  lixed  vertical  rudder,  placad  as  far  as  [tossible  to 
ie  rear,  facilitates  getting  squarely  into  the  wind.  A  hori- 
zontal rudder  prevents  tipping  towards  the  front. 

For  reasons  of  stability,  the  versine  of  the  wing  curvature 
should  be  less  than  tV  of  the  breadth,  preferably  Vi  to  i\. 
The  apparatus  is  held  fast  by  seizing  it  with  the  hands  and 
laying  the  lower  part  of  the  fore-arm  between  cushions,  so  that 
the  legs  remain  free  for  steering,  running,  or  landing. 

The  best  place  for  practice  is  a  bare  hill  with  a  slope  of 
about  20°  in  every  direction. 
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You  hold  the  upparalus  inclined  towards  tbe  front,  take  » 
rnn  against  a  gentle  breeze,  and,  keeping  the  apparatus  horizon- 
tal, T^ke  a  short  leap  into  the  air.  In  Istiding,  the  apparatus 
ia  to  be  lifted  towards  the  front  to  check  the  velocity.  When 
the  operator  feels  able,  the  sailing  may  be  gradually  extended. 
If  one  aide  of  the  apparatus  is  lifted  by  a  gusty  wind,  the  centre 


no.  S7.— Change  of  centre  or  gtuvAy  by  h  change  ol  position  ot  the  bod;. 

of  gravity  must  be  moved  to  that  side  in  order  to  restore  equili- 
brium. The  longest  sailing  flights  are  obtained  when  tbe 
trout  edge  of  the  sail  aurface  lies  a  very  little  lower  (about  2°) 
than  the  rear  edge  In  a  calm  the  velocity  of  sailing  will  b« 
about  10  metres  per  second  (22  miles  per  hour),  and  the  course 
will  be  from  8°  to  8°  downwatds. 

Figs,  97  and  98  show  the  progress  of  such  a  flight,  and  the 
appearance  of  an  apparatus  which  folds  up. 

If  an  apparatus  actuated  by  a  motor  ia  to  be  used,  it  should, 
in  the  beginning,  be  operated  in  sailing  flight  only.     Gradually, 
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and    after    a    landing  can    be    performed   without    trouble, 


i;,n-in,  Google 
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ABTIFICIAL  FLIGHT. 

By  Ootavb  Chakutb, 

ConmUing  Bngituer,  Chieagn,  lUiniAi:  Fatt  FrttUUmt  iff  tit 
Ameritan  Smtitls  q/  Civil  Enginttn. 


Lilientbal'b  sad  fate  doubtleiia  deterred  many  searchers  from 
emulatiBg  him,  but  there  were  a  few  who  thought  hia  advice 
and  his  piractioe  sound,  and  who  were  so  far  attracted  b;  a 
partially  solved  problem  as  h>  eijierimeBt  in  gliding  flight. 

Principal  among  these  was  Ur  Percy  S.  Pilcher,  a  young 
English  marine  engineer.  He  eiparimeuted  altogether  on  Eve 
machines  of  hia  own.  With  the  first  in  Jone  1885  {U 
aq.  m .  ;  weisht,  23  kg. ),  be  found  that  setting  the  wings  at 
a  considerable  dihedralaiigle,  like  those  of  a  descending  hawk, 
made  the  apjiaratus  difficult  to  handle  in  a  aide  wind  {Tkt 
Practical  Engint^,  Manchester,  England,  Sth  December  1896,  p. 
4S1).  It  did  much  better  when  altered  t^  resemble  the  attitude 
of  a  gull  (Pilcher,  in  Nature,  London,  20th  February  18B6,  p. 
365).  The  glides  were  15  t«  ISO  m.  long,  at  heights  of  2  to 
6  m.  above  the  ground.  Having  had  many  breakages,  he  next 
built  a  strong  machine  (13  sq.  m. ;  3S'G  kg. ),  but  found  this  too 
heavy  to  handle,  and  also  that  it  ia  a  mistake  to  apply  the 
weight  too  far  below  the  surfaces. 

In  1896,  a  third  apparatus  (16  sq.  m.  ;  23  kg.)  enabled  him 
to  make  many  good  glides.  He  resorted  in  light  breezes  to  the 
method  of  towing  the  machine  with  a  light  line  running  thrDogh 
fivB-fold  multiplying  gear  pulled  by  ninning  boys.  With  this 
a  height  of  21  m.  was  stained  across  a  valley,  and  upon  the 
breaking  of  the  string  a  safe  gliding  descent  was  made 
{Kature,   London,  England.  12tli  August  1897,  p.    346).     A 

tall  of  about  137  kg.,  indicating  a  net  expenditure  of  two 
orse-power,  was  sufficient  to  Impart  a  speed  of  1]  in.  per 
second,  or  enough  for  horizontal  suppoil  (AcronaiUiaal  Annuat, 
1897,  Boston,  U.S.A.,  p.  Hi). 

Thereupon  Pilcher  patented  a  form  of  eonstroction  which  he 
considered  preferable  to  Lilienthal's  (similar  to  Mr  Chanute's 
shown  in  Rg.  100),  and  also  built  an  oil-engine  of  four  horse' 
power.  Belore  applying  the  latter,  more  Riding  ezperimenta 
were  deemed  requisite  to  learn  the  art  of  balancing.  These 
were  snccessfal  until  October  1899,  when,   on  giving  an  ez- 
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hibition  to  diHtinguished  gueets  at  a  gentleman's  pork  near 
Bugbj,  a  weak  part  of  the  machine  broke  while  in  the  air  npon 
the  second  flight  Pilcher  fell  headlong  some  10  or  12  m., 
and  died  thirty-tour  hours  later.  He  was  thirty-two  years  of 
age,  a  skilled  inventive  engineer,  and  a  most  lovable  character. 
He  had  built,  but  not  tried,  another  mocMue  tJi  which  the 
oil-engine  waa  tJi  be  applied,  being  a  thiee-Burlaced  gliding 
machuie  eomewbat  Bimifar  to  one  of  Hr  Chanute's. 

The  odvanceB  achieved  by  Pilcher,  who,-  like  Lilianthal, 
depended  upon  Bhifting  the  centre  of  preasure  to  maJatain  the 
equilibrium,  may  be  stated  to  consiBt  of  the  following : — 

1.  The  demonstration  that  a  coDBiderablti  dihedral  angle  in 

the  wings  produces  diminished  atability  in  side  winds. 

2.  That  an  unduly  low  centre  of  gravity  makee  the  apparatus 

much  more  difficult  to  control. 

3.  That  a  machine  can  safely  be  raised  by  towing  it  againet 

the  wind  like  a  kite. 
i.  That  light  wheels  at  the  front  are  convenient  to  move  the 
machine  about  and  to  absorb  shocks  in  landing.  (Sea 
The  AeTmumiiealJoiinuU,  landoD,  1897— No.  2,  p.  1  ; 
No.  4.  p.  21  i  1898,  pp.  6,  66;  1899,  p.  SS  ;  ISOO, 
p.  118), 

§2.  OHANUTB. 

Having  already  vuhlished  a  series  of  articles  reviewing  pre- 
vious propoeals  and  experiments  of  flying  machines  [  Progress 
in  Flying  Machines,  M.  N.  Forney,  New  York,  1894),  Mr 
0.  Channte  of  Chicago,  Illinois,  U.S.A.,  came  to  the  conclusion 
that  equilibrium  was  the  moat  important  problem  to  solve,  and 
he  thought  that  it  might  be  made  automatic  by  reversing  previous 

{tactice,  and  making  the  surfaces  movable  instead  of  the  man. 
nspired  by  the  example  of  Lilienthal,  he  began  to  experiment 
in  189S,  and  built  that  year  five  full'sized  machines  covering 
four  tyl^B. 

The  first  (in  order  to  test  the  known  before  passing  to  the 
unknown)  was  a  Lilienthal  machine,  built  by  Chanute's  assistant, 
Mr  A.  M.  Herring,  who  had  already  experimented  with  two 
similar  machines.  It  was  found  to  require  movements  fore  and 
aft  of  as  much  as  130  mm.  on  the  part  of  the  operator,  and  was 
discarded  as  dangerous  after  making  about  one  hundred  gHdea, 
about  a  month  before  Ljlienthal's  sad  death  came  to  confirm 
this  decision. 

The  "Multiple  Winged"  machine,  oouBtruoted  at  the  same 
Ls  next  tested.     It  had  origiually  twelve  wings,  but,  ii 


egrouping,  one  pair  was  taken  on  to  avoid  stnlung  the 
idT    us  final  shape  is  shown  in  fig.  S9.     With  this  the 
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'■  multlplC'Wlngtd  mublne,    (Side  i 
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moTements  of  the  operator  were  reduced  to  40  mtn. ,  the  gliding 
angle  of  descent  woa  12°,  and  the  power  required  was  S'&3 
H.P.  (I.A.M.,  1898,  No.  2,  and  1898.  No.  2).  The  wings 
are  on  pivots,  retroactini;,  and  swing  horizontally,  so  tis  to 
bring  the  centre  or  pressure  to  coincide  with  a  TertJoal  line 


Flo.  Mft,— Clianute'a  mnltlpls'wlngsd  muhlna.    (Front  elentlon.) 
p&saing  through   the  centre  of  graiity.     After  making  abcut 


I,  with  which  still  better  results  were  obtained. 


Fta.  100.— Chanute'a  double-dsckcr. 
This  was  the  so-called  "  Double  Deck,"  shown  in  Eg.  100- 
Its  main  frame  consisted  in  a  rectangular  bridge  truss  of  woodi 
braced  by  steel  wires,  carrying  aerocurre  surfaces  arched  -f^ 
on  the  top  and  bottom  booms.  To  the  rear  was  a  rndder 
attached  by  an  elastic  device  designed  by  Mr  Herring,  In 
operation,  this  eaughc  the  relative  wind  either  uuon  its  upper 
or  lower  surface  when  wind  gnsts  occurred,  and  allwed  ths 
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sngle  of  incidence  of  the  supporting  aurfeces,  to  meet  the  eir- 
cumBtances.  The  uppsratUB  weighed  10'67  k);.  With  a  total 
weight  of  81  kg',  induding  the  operator,  who  was  upright,  the 
speed  requirea   for  support  was  10  tn.    jwr  second,  and  the 


I" 


angle  of  descent  varied  from  7J°  to  11°,  indicatiDg  an  expendi- 
ture of  2  H.P.  net.  The  niovemantB  required  were  60  mm. 
Some  seven  hundred  glides  were  maiJe  with  this  apparatus, 
and  not  the  slightest  accident  occurred  dnring  any  of  Chanute's 
exferaaeata {Aermiaviical  Animal,  ISBT,  Boston,  U.S.A., p.  30). 
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principla  with  models,  that  of  pivoting  the  surfaces  to  rock 
fore  and  aft  on  a  stationaiy  pivut ;  and  he  built  a  full-aized 
machiae,  in  1B02,  with  which  good  results  have  been  attained. 


FIG.  102,— Flight 


The  peouliaritiea  pertaining  tfl  his  experiments  are  :— 

1.  Research  for  automatic  equilibrium  exclusively  (Journal 
'Ifeslem  Society  of  Engimera,  Chicago,  December  1897). 

2.  Making  the  surfaces  movable  instead  of  the  man, 

3.  Superposing  surfaces  on  a  bridge.like  truss. 

S  3.  HEEBING. 

[  another  ' '  Double 
Deck  "  machine  in  1897,  proceeded  to  apjify  a  motor  and  screw 
propeller:  He  first  built  a  gasolene  engine ;  but  this  proving 
unsatisfactory,  he  next  tested  a  compressed  air  engine.     Aswi^ 
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this  no  flight  could  be  obtained  of  more  than  15  to  22  m., 
he  hsa  turned  his  attentiou  to  a  compoand  sUtm-BngiDe,  with 
which  he  Bipecta  buccbsb  ;  he  also  haa  built  unother  very  light 
gasolene  engine. 

§  4.  HAEGHAVB. 

Mr  Lawrenoe  Hargrave,  of  Sydney,  New  South  Wales,  who 
has  built  a  large  number  of  dynamic  flying  machinea,  and 
invented  the  oellvtlar  or  box  form  of  kite  which  bears  his  name, 
tried  iu  18B8  and  1899  a  number  of  very  interesting  eiperi- 
menta  with  soaring  kites,  with  which  he  produced  resulta  very 
mucli  akin  to  "  aspiration  "  {AfTOitautical  Jov-mal,  Loudon, 
1808,  pp.  29,  80;  1899,  p.  51). 

Instigated  by  Chatiute's  articles  on  soaring  flight,  which 
pointed  out  the  differenca  between  the  flying  and  the  soaring 
wing,  he  made  a  series  of  experiments  upon  the  path  of  air 
currents  under  arched  surfaces,  and  finally  l)roduced  various 
kites  which,  nuder  peculiar  oii-oumstanoes,  would  advance  a 
short  length  of  time  against  a  wind  which  he  believed  to  be 
horizootal.  So  decided  was  this  action  that  Hargrave  was  lad 
to  conclude  that  birds  soared  in  strictly  horizontal  winds,  and 
tbat  soaring  sails  might  furnish  propulsion,  not  only  to  flying 
toaohinea,  but  to  ships  against  tho  wind.  Other  experiraenters 
have  failed  to  reproduce  these  effects ;  but  Mr  A.  A.  MfiTill 
{Aeronaviical  Journal,  London,  189S,  p.  65),  Secretan  of  th« 
Boston  (U.S.A.)  Aeronautical  Society,  haa  tasted  the  com' 
parative  merits  of  modifications  of  the  fonu  recommended  by 
Hargrave.  It  is  Found  that  the  "  Tangential  "  propelling  force, 
announced  b;  Lilienthal,  does  exist,  but  Chat  it  is  insufficient 
e  the  whole  of  the  rt  '  ' 


g  5.  WBIOET. 

In  1900,  1901,  and  1902,  Messrs  Wilbur  and  Orville  Wright, 
of  Dayton,  Ohio,  U.S.A.,  achieved  a  considerable  advance  over 
all  previous  practice.     They  were  bold  enough  to  be  the  first  to 

(ilace  a  man  prone  upon  a  gliding  machine,  instead  of  upright 
for  safety  in  alighting),  and  they  used  surfaces  of  twice  the 
area  which  previous  experimenters  had  found  it  practicable  to 
handle  in  the  wind.  Their  first  machine  had  a  surface  of 
15'3  sq.  m.,  or  about  the  same  as  Pilcher's ;  but  their  1901. 
machine  had  two  surfaces  173  m.  apart,  each  a  rectangle  6 '7 
m.  from  tip  to  tip,  2'13  m.  wide,  and  arched  ,V>  with  a  nei 
-'-'-  B  surface  of  27  sq.  m.  They  discarded  the  tail,  and  " 
1   for  it  a  hinged  horizontal  rudder  at  the    front) 
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set  at  a  negative  aiiglB  of  7°,  which  could  eaaWy  he  operated  by 
the  aviator  while  under  way.  Their  theory  was  that  the  man 
should  ooDBtantl;  balance  and  guide  the  mschiiie  hy  the  action 
of  the  rudder,  steering  to  the  right  or  left  by  warping  one  wing 
OT  the  other — light  strings  leading  ,to  his  hands  for  that  pur- 
pose. Fig.  103  shona  tma  apparatus  in  the  air.  The  frame 
was  of  wood  and  steel  wire,  forming  a  bridge  truss  similar  to 
that  of  Chanute'a  "Double  Decker,"  out  with  an  improvement 
in  the  mode  of  tightening  up  the  wires.  With  it  aomething 
like  one  hundred  glides  were  made  [rom  a  sandy  hill  in  North 
Carolina,   U.S.A.,  in   July    and   August   1901,   without  any 


FIO.  lOS.— Wrixlit'a  daiib]e.decker.    (Plioti^apli  by  0.  Chanuta.) 

f  accident,  and  at  angles  of  descent  of  9  to  10°,  indicating  an 
expenditure  of  2§  H.  P.  for  an  aggregate  weight  of  lOB  kg.  The 
control  of  the  machine  by  the  rudder  in  front  was  found  to  he 
even  better  than  had  been  hoped,  and  the  landings  were  made 
with  entire  safety  at  speeds  of  even  lO.m,  per  second. 

Valuable  experiments  were  ako  made  with  the  unloaded 
machine,  in  horizontal  winds,  to  determine  its  "lift"  and  its 
"  drift"  at  various  angles  of  incidence.  It  was  found  not  only 
that  the  head  resistance  of  the  framing  (owing  to  ita  peculiar 
construction)  was  less  than  that  estimated  by  previous  experi- 
menters, hut,  that  there  must  be  a  "Tangential"  force,  as 
discovered  by  Lilienthal,  but  questioned  by  other  avialors. 

The  experiments  of  1902   marked   another  great   advance. 
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The  maclime  had  28'14  sq.  m.  of  suatainin^  surfucei,  and 
prorad  Btill  better  under  coDtroL  It  enabled  glides  to  be  made 
at  ant^es  of  deBcent  of  S°  to  7°,  and  supported  50  to  66  kg.  p«T 
H.P.,  or2B  percent  more  tion  had  previously  been  achieved. 

These  experiments,  vbich  mark  a  decided  advance  in  the 
technics  of  night,  have  been  completely  and  luitidlj  disoiiaaed  in 
an  address  by  Mr  Wilbnr  Wright  to  the  Western  Sooiaty  of 


FiQ,  104.— Wrlght'idoiible-decker  In  Bight.  (FbotOKTsph  byO.ChHnute.J 

Engineers  of  Cbica^,  which  wiil  be  found  in  its  Journal  for 
December  1901,     His  own  conclusions  are  na  follows : — 

1.  That  the  lifting  powtr  of  a  large  mai:hine,  held  stationary 

in  wind  at  a  small  distance  from  the  earth,  is  much  lees 
than  the  Lilietithal  table  and  our  own  laboratory  experi- 
ments would  lead  us  to  expect.  When  the  machine  is 
moved  through  the  air,  as  in  gliding,  the  discrepane; 
seems  much  less  marked. 

2.  That  the  ratio  of  drift  to  lift  in  well-sbaped  surfaces  is  less 

at  angles  of  incidence  of  Ei°  to  12°  than  at  an  angle  of  3°. 

8.  That  in  arched  surfaces  the  centre  of  pressure  at  90°  is  near 

the  centre  of  the  surface,  but  moves  slowly  forward  ab 

the  angle  becomes  lesa,  till  a  critical  angle,  varying 
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witli  the  shape  and  depth  of  tbe  onrvB,  is  reached,  aner 
which  it  moves  rapidly  towards  the  rear  till  the  angle  of 
DO  lift  is  found. 
,.  That  with  similar  cauditionB,  lar^  surfaces  may  be  oou- 
trolled  with  not  much  greater  difflault;  than  small  ones. 


if  the  control  is  effected  by  manipulation  of  the  surfaoee 

themselvBB  rather  than  by  a  movement  of  the  body  of 

the  operator. 
6.  That  the  head  resistance  of  the  framing  can  be  bimJght 

to    a   point   much    below    that  uanally  estimated  as 

neceasary. 
6.  That  tails,  both  vertical  and  horizontal,  may  with  safety 
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be    eliminated   in   gliding   a.nd   other    Sjing   sxperi- 

'.  That  a  horizontal  position  of  the  operator'a  body  may  be 
assumed  without  eicesaive  danger,  and  thos  the  head 


It 
|i 

i 
i 


resistance  reduced  to  about  one-fifth  that  of  the  upright 
position. 
I.  That  a  pair  of  superposed,  or  tandem,  surfaces  has  less  lift 
in  proportion  to  drift  than  either  surface  separately, 
even  after  making  allowance  For  the  weight  and  head 
resiatance  of  the  connections. 
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assist  in  the  steeriug  and  to  maintain  the  course.  A  paper 
givinK  an  account  of  the  advance  obtained  was  read  by  Mr 
Wrigbt  before  the  Weatem  Society  of  Engineers,  and  will  ba 
found  in  its  Journal  for  August  1903. 

The  amaratuB  could  now  be  controlled  so  well  that  Wright 
brothers  deemed  it  safe  to  pass  on  to  the  conatruction  of  a  mil 
flying  machine  equipped  with  a  motor  and  propeller.  This  woe 
done  in  1903,  and  on  the  17th  of  December  of  that  year,  after 
many  trials  and  modifications,  they  had  the  sati^action  of 
making  four  dynamic  Rights  from  level  ground  against  a  wind 
of  10  m.  per  second— the  Srst  flight  being  of  about  12  seconds, 
and  the  last  of  G9  seconds,  when  260  ni.  were  covered  at  a 
heicht  of  about  2  m.  from  the  ground. 

TheBe  experiments  were  resumed  in  1904,  and  during  that 
season  one  hundred  and  five  flights  were  made,  showing  minor 
defeota  which  required  slight  changes  in  the  cousttuction,  more 
particularly  when  circular  Sights  were  attempted,  no  less  than 
four  complete  circles  around  a  field  having  been  made  on  several 
occasions.  There  were  some  breattagea  from  awkward  landings, 
of  course  ;  but  no  accidents  occurred  to  the  operators,  who  took 
turns  in  making  the  flights. 

In  1S05  the  work  was  continued  by  further  perfecting 
the  apparatus,  and  by  learning  ita  use  and  control  under  all 
circumstances  of  flight  and  of  wind.  Having  spent  a  good  deal 
of  time  and  money  in  developing  their  machine  to  efficiency,  the 
Wright  brothers  do  not  wiah  as  yet  to  make  ite  construction 
known. 

At  the  meeting  of  the  Aeronautical  Society  of  Great  Britain, 
held  in  London,  15th  December  1905,  Mr  Aleiandar  read  the 
following  letter  front  the  Wright  brothers,  dated  17th  November 
1905  -.— 

"We  have  finished  out  experiments  for  this  year  after  a 
season  of  gratifying  success.  Our  field  of  eiperiment,  which  is 
situated  S  miles  east  of  Dayton,  has  been  very  unfavourable 
for  experiment  a  great  part  of  the  time,  owing  to  the  nature  of 
the  aoil  and  the  frequent  rains  of  the  past  summer.  Up  to  Bth 
September  we  had  the  machine  out  on  but  eight  different  days, 
testing  a  number  of  changea  which  we  had  made  since  1904, 
and  as  a  result  the  flights  on  these  days  were  not  so  long  as  our 
own  of  last  year.  During  the  month  of  September  we  gradually 
improved  in  our  practice,  and  on  the  2Bth  made  a  flight  of  a 
little  over  11  miles.  On  the  SOtb  we  increased  this  to  12| 
miles,  on  3rd  October  to  15J  milea,  on  4th  October  to  20J  miles, 
and  on  the  6tb  to  24J  miles.  All  of  these  flights  were  made  at 
about  38  miles  an  hour,  the  flight  of  the  Sth  October  ocoupying 
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September  and  8tb  October,  and  in  those  of  3id  and  4th  October 
by  tlie  heating  or  bearings  in  the  transiniHsion  of  whioh  oil  cups 
had  been  omitted.  Bat  before  the  flight  on  5th  October  oil  cupa 
hod  been  litted  to  oil  the  bearings,  and  the  amall  gasolene  con 
had  been  replaced  with  one  that  carried  enoueh  fuel  for  an  hour's 
flight.  Uolbrtunately  we  aeslected  to  refill  the  reeerroir  just 
before  startinf;,  and  as  a  result  the  flight  was  limited  to  thirty- 
eight  minutes.  Te  hod  intended  to  place  the  record  above  the 
hour,  but  the  attention  these  flights  were  beginning  to  attrwit 
compelled  us  to  suddenly  discontinue  our  eiperiments  in  order  to 
prBTBut  the  construction  of  the  machine  from  becoming  public 

"The  machine  passed  through  all  of  these  flights  without 
the  slightest  damage.  lu  each  of  these  Sights  we  returned 
frequently  to  the  starting  point,  passing  high  over  the  heads  of 
the  spectators.  — Obyille  Wbioht." 


%e.  FEBBEB. 

Captain  F.  Ferber,  of  the  French  Army,  became  a  neophyte 
of  Lilienthal  in  1898,  and  built  successively  four  ghding 
machines  with  whieb  he  experimented  near  Nice,  France,  upon 
moet  unsuitable  ground  {Les  Progrra  de  I'A'ciation.  A  lecture — 
F.  Ferbor.  Bei^r-Leviault,  publishers,  Paris.)  The  resulte 
were  unsatisfactory,  but  he  possessed  too  much  pluck  to  b«' 
come  discouraged.  Having  entered  into  communication  with 
Chanute  in  1901,  h«  thereafter  eiparimented  with  double-snr- 
feced  machines  such  aa  had  been  developed  in  America.  He 
obtained  satisfactory  glides  at  Beuil  in  1902  and  at  Le  Conqust 
in  1903,  and  in  the  latter  year  he  thought  himself  aufficientlj 
advanced  to  warrant  the  addition  of  a  iqotor  and  propeller. 
This  step  proved  premature.  The  apparatus  upon  a  preliminary 
test,  suspended  from  a  long  rotating  irra{L' AirophiU,  February 
1903-Febmary  1906),  did  not  attain  sufficient  apeal  from  its 
propeller  to  sustain  itself,  and  the  equilibrium  was  doubtful. 
He  then  built  a  sixth  gliding  machine,  with  improvements,  and 
iu  1905  biiik  BDOtber  flying  machine  with  a  more  powerful 
motor,  from  which  better  results  are  to  be  eipected.  He  ia 
now  (August  1905)  attached  to  the  Aeronautical  establishment 
of  the  French  War  Department  at  Chatais-Heudon. 

9  7.  ABOHDEACON. 

Impressed  with  what  had  been  aocompliabed  in  America  with 

gliding  machines,   Ur  E.   Archdeacon  of  Paris  inaugurated   a 
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fund  in  1903  to  promota  nmilar  perTorinaDaaB,  sud  he  bnilta 
machine  of  his  own.  This  was  -tested  on  the  sand  dones 
of  Berck-sar-Mer,  in  April  1901,  with  aome  encouraging  results 
{L'AirophiU,  March  1901-April  1904),  but  the  oonstniotion 
*as  found  defective  in  its  connections  and  concavity  of  wine, 
and  the  machine  was  rebuilt  and  enlarged.  Meanwhile  Mr 
Archdeacon,  in  connection  with  the  Aero  Club  of  France,  pro- 
moted sD  exhibition  in  Paris,  in  February  1906,  of  gliding 
and  propoBed  flying  machinea  [U AirophUe,  Maich  1806),  at 
which  some  forty  modele  were  entered,  and  some  shown  inaction, 
by  thirty  eihibitors.  Some  of  these  models  were  boUi  novel  and 
promiBing,  and  further  exhibitiona  are  to  be  made. 

His  new  modified  gliding  machine  being  completed,  Mr 
Archdeacon  tested  it  near  Paris,  in  March  1906,  by  having  it 
towed  by  an  automobile  {UAirophile,  April  1905),  but  it  Was 
loaded  with  a  bag  of  sand  instead  of  a  pilot.  It  rose  grandly 
into  the  air,  then  the  tail  became  disarranged  and  the  apparatus 
fell  to  the  ground.     It  was  broken,  biit  not  beyond  rp()air. 

Bealising  the  danger  of  alighting  upon  hard  ground,  Arch- 
deacon neit  had  his  rebuilt  gliding  machine  (shaped  somewhat 
like  a  Hargrave  kite)  tested  upon  the  Seine,  in  June  and  July 
1S06.  The  apparatus  rested  upon  the  water  by  means  of  light 
floats,  and  was  towed  by  a  fast  motor  boat  [VAirophile,  July 
1S05)  at  a  speed  of  40  kilom.  per  hour.  It  was  mounted 
by  Mr  Voisin  and  rose  some  17  m.  into  the  air,  glided  some 
160  m.,  and  alighted  gently  on  the  water.  The  second  trial,  in 
Jiily,  resulted  somewhat  less  favourably,  and  the  operator  took 
a  compulsory  bath.  On  the  same  occasion  a  somewhat  smaller 
gliding  machine,  the  design  of  Mr  Louia  BUriot  {La  Vie 
Automobile,  S9th  July  1905),  waa  tested  in  the  same  manner, 
with  inferior  results  (/.  A.  M.,  1906,  No.  11). 

§  S.  rayATJLT-FELTEBIE. 


A  series  of  very  interesting  experiments  with  a  gliding 
machine  similar  to  that  of  Wright  brothers  were  made  in 
France,  near  Wissant,  in  1904,  by  Mr  E.  Esnault-Pelterie,  a 
young  engineer  {L'Airophik,  June  1805).  Tbev  were  intended 
to  verify  the  American  atatemente.  The  resnlts  were  nearly 
equal  to  those  obtained  by  Wrifjht  brothers  the  first  year  they 
eipeiTmented.  It  was  demonstrated  that  it  was  poaaible  to 
glide  at  an  angle  of  1  in  10,  and  ex;ierience  was  gained  which 
will  doubtless  be  utilised  later ;  for  nothing  but  practice, 
practice,  practice  will  prodnce  adequate  advance. 


.Google 
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After  gome  preliminsry  staclies  and  trule,  Mr  J.  J.  Moot- 
aomeij,  a,  professor  in  S&nta  Ckra  College,  CalifomiBi,  built  a 
ml! -sized  gliding  machine,  olosely  resembling  the  fljing  machine 
of  I>angley  in  outward  appearance,  but  with  mov^U  ports 
which  enabled  it  to  be  steered  when  descending  ucdar  the 
influence  of  gravity,  for  it  had  no  motor  or  propeller.  Ho  found 
a  parachute  jumper,  J.  M.  Mslonej,  who  was  daring  enough  to 
attempt  the  unprecedented  Feat  of  gliding  down  with  this 
apjMrBtUa  from  a.  height  of  1000  m.  or  more. 

The  sp[iaratas  consisted  of  two  rectangular  wings  or  arched 
surfaces  placed  in  tandem,  each  7'31  m.  across  and  I'lS  m. 
wide,  thusgivinga  supporting  surface  of  lfi'82  sq.  m.,  and  a 
weight  of  IB'l  kg.  Tlie  operator  weighed  70  kg.  The  rear 
wins  was  so  fastened  to  the  ^me  or  spine  as  to  ba  capable  of 
motion  in  Variona  directions  by  wires  ;  and  there  was,  in  addition, 
a  vertical  keel  and  also  a  rudder,  the  latter  being  formed  of  two 
half  circles  at  right  angles  to  each  other,  made  movable  for  tioth 
horizontal  or  vertical  steering. 

The  apparatus  wan  first  privately  tested  in  March  1905.  It 
was  raised  to  various  heights,  being  suspended  by  ropes  under 
a  hot-air  balloon,  and  then  cut  loose.  On  the  sixth  trial  the 
height  was  about  1000  m.  When  cut  loose,  the  machine  first 
swooped  down  and  then  began  to  glide  at  a  small  angle  of 
descent.  It  could  be  tamed  by  the  operator  to  glide  in  a  circle 
either  to  the  right  or  left,  or  be  made  to  dart  steeply  downward, 
or  even  to  rise  a  little  uuti]  the  velocity  diminished  nuduly ;  all 
these  movements  being  produced  by  changes  in  the  shape  of  the 
surfaces  induced  by  the  operator.  The  time  occupied  in  the 
descent  from  1000  m.  was  about  thirteen  minutes,  and  the 
apparatus  alighted  upon  the  ground  at  each  trial  as  gently  as  a 

The  machine  was  publicly  tested  at  Santa  Clara,  on  29th 
April  1905   (this  being  an  anniversary  of  the  College),  in  the 

tireseuce  of  many  invited  guests  and  representatives  of  the  press, 
t  was  lifted  by  the  balloon  on  this  occasion  to  a  height  of  about 
1200  m,,  and  put  through  its  paoes  when  cut  loose.  The  operator 
caused  it  to  sweep  in  circles,  to  make  deep  dives,  and  to  imitate 
the  manceuvres  of  a  soaring  bird,  in  order  to  demonstrate  that 
the  control  was  well  within    hta  powers.      He  finally  alighted 

Santly  in  a  field  previously  designated  about  1  km.  away  from 
le  starting-point,  the  ascent  and  descent  having  occupied 
nineteen  minutes  {Seientijie  American,  20th  May  1905). 

Again  the  apparatus  was  publicly  tested  on  18th  July,  and 
this  culminated  m  a  tragedy.  When  the  ascent  was  made,  one 
of  the  ropes  foiled  to  release  properly,  and,  it  ia  believed,  cracked 
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*  broke  a  n 

cut  loose.  He  elided  downvard  about  400  m.,  and  than  under- 
took to  make  a"' deep  dire  "at  a  steeji  anele.  The  additional 
Seaanre  thrown  apon  the  back  wing  oolliipBed  it,  and  poor 
aloney  lost  control  of  the  machine,  crashed  down  to  the  e^th, 
and  ditd  soma  twenty  minntaa  afterwards. 

Thii  deplorable  accident  is  the  only  one  which  has  oocnrred 
unce  that  to  Pilcher. 

Thus  it  is  seen  that,  notwithstanding  these  accidents,  the 
methods  inaDKurat«d  by  Lilienthal  hav«  produced  great  and 
promising  results.  Searchers  have  made  vanous  changes  in  the 
airangementB  of  the  gliding  machine,  some  of  vhich  have  proved 
to  be  improvemente — the  tnuied  two-satfiKed  maohine  being 
now  the  ftvourite. 

The  forma  and  arrangements  of  the  sustaining  surfaces  are  the 
important  things  to  evolve  in  order  to  (1)  maintain  stabili^, 
(2)  obtain  maximum  support,  and  (3)  reduce  reaistance  to  a 
minimum.     Nothing  but  actual  practice  will  work  out  these 

It  is  probable  that  the  time  hox  now  arrived  when  it  is 
reasonably  safe  to  apjdy  a  motor  and  a  propeller  to  a  gliding 
machine  which  has  proved  itself  to  be  thoroughly  under  the 
Dontrol  of  the  operator,  and  that  we  are  now  not  far  distant 
fr<nn  tiie  appearance  of  a  true  and  efficient  fljiug  machine. 


%  10.  GOHFniATIOlIS. 


the  FL ...  .    .        „  . 

(Tangential),  that :   "  If  other  reaislanceH  oome  into  play,  they 
will  have  to  be  separately  considered. " 

In  point  of  (act,  these  other  resistances,  which  arise  from  those 
of  the  framing  and  of  the  body  of  the  aviator,  are  gener^ly 
much  greater  than  the  "Drift."  They  are  termed  " Head 
Beaistance"  by  Channte,  and  were  computed  by  him  far  his 
"Multiple  Wing"  machine  at  12-88  ka.,  while  the  "Drift" 
properwaafi'49kg.  (/. -1.  J/.,1889,  No,2y,  His  anglesof  descant 
and  calculations  seemed  to  confirm  the  ooefficients  of  Lilienthal ; 
bnt  since  then  Wright  has  diminished  the  ' '  Head  Resistance " 
nearly  oue-balf,  by'imbedding  the  main  spars  in  the  doth,  and 
by  placing  the  man  in  a  horisont&l  position  on  the  maohiue. 
"thia  has  resulted  in  bringing  into  question  the  aocuracy  of  the 
valoea  of  t)  (Normal  pteeanre)  and  of  i  (Tangential)  in  LUien- 
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thal's  taiiie,  vbich  other  eiperimenterB  before  liad  sud  were  not 
to  be  trasted. 

The  Wrights  thereupon  made  laboratory  eiperimeiita  of  their 
own  upon  various  forma  of  arched  Burfacea,  and  confirmed  the 
existence  of  a  "Tangential "  propelling  force  at  certain  angles, 
which  reduced  but  did  not  entirely  overcome  the  "Dnft." 
They  found  that  Lilienthal's  coeEBcienta  for  the  Nomml  i)  were 
in  excesB  at  small  angles,  although  leas  so  than  had  been  believed^ 
being  about  fiO  per  cent,  at  0",  about  14  percent,  at  +3°,  and 
nearly  agreeing  at  +  E°.  The  coefficients  for  9  wt^re  also  t«o 
favourable  atangles  below  10°,  the  tangentials  becoming  retarding 
forcea  at  all  angles  below  7°.  inatead  of  3°. 

They  found,  moreover,  that  these  approximations  were  only 
tnie  when  the  surface  in  plan  had  the  outline  of  the  double 
segment  experimented  by  Lilienthal  (Der  Vogelfiug,  ete.,  p. 
93).  A  square  surface  in  plan  or  a  rectangle  fl  to  1,  arched 
1^  transyersely,  gives  quite  ditferent  coefficienta.  Lilieuthal's 
diBcreuaDciea  probably  resulted  from  errors  in  his  methods, 
notablj'  the  omisaiun  to  attach  the  aurfaces  tested  at  their 
exact  centre  of  pressure.  The  travel  of  this  ia  a  very  im- 
portant point  to  consider.  On  planes,  as  ia  well  known,  the 
centre  of  pressure  is  near  the  front  at  0°  of  incidence,  on  a 
surface  square  in  plan  ;  and  it  travels  slowly  backwards  as  the 
angle  increases,  until  it  reaches  the  middle  of  the  surface  at  90°, 
On  arched  aurfaces  the  travel  is  quite  different,  and  reveTses 
its  motion  in  many  cases.  Spratt  says  (private  tentative 
experimenta  as  yet  unpublished),  for  instance,  that  on  a  circular 
arc  iV  rise,  the  centi^  of  pressure  is  near  the  rear  at  0°  of 
incidence ;  that  as  the  angle  increaaes,  the  centre  of  pressure 
moves  foni-ard,  passing  the  middle  at  about  17°,  and  continues 
until  it  is  41^  per  cent,  from  the  front  at  30°.  It  then 
reverses  its  motion,  and  moves  slowly  backwards  until  it  is 
60  per  cent,  (or  at  the  middle),  when  an  incidence  of  90°  is 
reached.  On  an  arc  of  ^  rise,  the  centre  of  pressure  is  near 
the  rear  at  0°,  advances  and  paases  the  middle  at  10°,  is  37 
per  cent  from  the  front  at  30  ,  Teverses  its  motion  and  travels 
to  the  middle  at  90°.    This  is  to  be  verified. 

It  follows,  therefore,  that  in  applying  coeHicients  to  an 
aeroplane,  not  only  should  the  arching  be  taken  into  account, 
but  also  the  outline  or  form  in  plan,  its  proportions  of  length 
to  breadth,  ita  aspect  or  direction  of  advance,  and  the  move- 
ments of  the  centre  of  pressure,  which  wUI  be  found  to  vary 
greatly  on  different  arched  surfaces. 

Professor  0.  F.  Marvin,  of  the  United  States  Weather  BureaD, 
Washington,  says,  in  a  memoir  on  Aeronautical  Mechanics,  as 
yet  unpublished : — 

"One  of  the  greatest  pitfalls  in  aeronautical  mechanics   is 
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found  ia  the  idea  of  the  cerUre  of  prtisure.  ExperimentB  that 
haTe  been  made  to  locate  this  point  have  yielded  various 
results,  and,  where  full  infonnatioa  is  available  as  to  the 
detailed  method  of  making  the  experiments,  it  is  not  difficult  to 
show  that  the  point  sujipoaed  ta  be  tlie  ceotre  of  preBanre,  is 
only  a  paint  inhere  the  action  line  of  a  certain  foret  ivttrsecft 
tojne  partieitlaT  part  of  the  apparatus  on  the  sarfaca  voder 
experimentation.  By  making  a  proper  change  in  the  dis- 
position of  the  apt»ratus  but  ;et  without  aflectinf;  the  wind 
pressures,  a  very  different  point  of  intersection  can  be  obtained  ; 


JD  fact,  a  real  centre  of  pressure  has  not  been  located  at  all 
because  the  investigat'ir  has  failed  to  form  a  true  conception  of 
the  centre  of  pressure." 

These  various  considerations  render  it  impracticable  at  this 
time  to  give  strictly  accurate  formulee  for  computing  all  the 
forces  which  come  into  action  on  a  Hyicg  mBchino  by  Using 
Lilienthal's  table,  but  we  may  obtain  fair  approiimatioiis.  The 
following  diagram  represents  the  analysis  of  the  forces  as  pro- 
bably considered  by  Lilienthal,  but  projected  uj^on  the  path 
instead  of  horizontaUy. 

Provisionally,  computations  may  be  made  as  follows:  — 
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Definition  of  Terms, 


L  =  Lift,  of  aurfacB  proper,  in  kilograins. 

D  =  Drift,  of  surface  proper,  in  kilognimH. 

T=TBD^ntiaL 

E  ~  Equivalent  head  area. 

H  =  H«sd  redstADce. 

A-Total  resistance  along  ths  path. 

A'^Propulaion  along  the  path. 

W=  Weight  in  kilograms. 

F  — Surface  in  square  metres. 

B  —  Velocity,  raetrEs  per  second. 

II  =  Nonual  coefficient. 

d  —  Tangential  coefficient. 

<  -  An^e,  chord  with  horizontal. 

11  =  Angle,  chord  with  relative  wind. 

O^Angle,  relative  wind  with  path. 
K-The  coefficient  for  air  pressure.     Lilientha!  iv 
but   recent  experiments  indicate   0'0{»6  i 
accurate. 


Mode  of  Computation, 

1.  The  "Lift"  is  to  be  taken  as  vertical  and  opposing 
giavitj.  Its  value  depends  iii)Oii  the  particular  surface 
selected,  and  in  horizonlal  flight  it  should  be  equal  to 
the  weight.  For  Lilienthal'a  experimsntsl  surface  and 
table,  a  being  the  angle  of  incidence  : — 

(1)  L  =  KF.)=„.coBi. 
There  is  in  addition   a  small  component  of  lift  due 
'3  the  Tangential,  but  it  will  be  ver;  small  and  ma; 


be  neglected. 
Che  "fk 


S.  The  "Tangential"  way  be  either  a  propelling  or  a  re- 
tarding force,  and  ]>ertains  to  the  same  angle  as  the 
nomuJ,  as  found  in  the  table.     As  it  ia  parallel  with 
the  chord,  its  value  apon  the  path  will  be  ; — 
(2)  T^=KF«=e.  cos  («  +  «). 


(3)  D^K¥i^n„e.hii,tt  +  0). 
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"Equivftknt  Surface"  mnst  be  eatimated  from  eiqieri- 
meut,  and  the  resulting  coefficient  E  must  be  multiplied 
by  tbe  sir  pressure  due  to  the  velocity.  Ita  meaaure  is 
on  the  path  :— 


la  certain  cases  (asceudiDg  winds,  obliqne  (inuning, 
stc.),  the  head  resistance  may  have  both  horizontal 
ind    vertical  components  which  have  to  be   allowed 

I  aKgreeate  of  the  drift  and  of  the  head  leaietance  as 
noSfied  by  tbe  various  contingencies  which  have  been 


(6)  A  =  D  +  H±'I*'. 


is  unifortti,  the  sum  of  equation  (5)  must  be  equal  to 

EXAMPLE. 

Tbe  value  of  the  various  elements  will  seldom  be  known 
beforehand,  that  most  uncertain  being  the  efficiency  of  the 
surface.  Approximate  compiitationii  made  in  advance  are 
therefore  to  be  tested  by  actual  results. 

If,  for  iustaace,  it  is  desired  to  know  at  what  angle  with  the 
horizon  a  gliding  machine  will  descend  at  10  m,  per  second,  the 
machine  being  double -decked,  with  1S'4B  sq.  m.  in  two  support' 
ing  surfaces,  these  being  rectangles  about  5x1}  m.  each, 
arched  Vti  '■^^  whole  apparatus  with  its  operator  weighing 
81  kg.,  and  the  equivalent  head  area  (man,  framing,  etc.) 
being  0'84  sq.  m.,  we  may  first  approximate  to  the  angle  of  its 
path  in  slill  air,  in  which  the  relative  wind  coincidea  with  the 
path,  and  angles  a  and  B  are  merged  into  one. 

The  known  elements  are : — 

F  — 12"45  sq.  m.  r  =  10  metres  per  second. 

E  =  0-84  sq.  m.  K=  0096. 

W  =  81  kg. 

We  first  need  to  know,  approximately,  tbe  angle  required  to 
Hipport  tbe  weight.     We  have;  — 

U)  L=81kg.  =  KFi^.,,cosi. 

Aia  +  fi  form  but  one  angle,  and  as  i  will  be  small,  we  may 


AKTIPfClAL  FLIGHT 


X  12-45)!  100  k 

By  Teferring  to  Lilieathd's  table  we  see  that  this  corresponds 
nearly  to  the  value  of  ij  for  6°  (0806),  so  that  the  machine  will 
probably  descend  !□  atill  air  at  an  aogle  of  6°  ■<-  {  ;  hence  the  lift 
will  be  :— 

L  =  0'0B6  X  12-J6  X  100  x  OBBS  x  cos  t  =  83-18  kg,,  which 
indicaWa  that  Che  angle  is  somewhat  less  than  6°.  We  oeit' 
want  to  know  the  Tangential.  This  at  6°  acts  as  a  propelling 
force  ;  hence  we  have  : — 

0-086  xl2'46x  100  X  -0-021  x  0-994=  -2-SOltg. 

Neit  we  obtain  the  drift  and  the  head  resistance : — 

(3)  D=KFB»,.sin(.  +  3)  = 

0-098  X  12-45  X  100  x  0-698  x  0-1046=  -t-8-fl9  kg. 

(4)  H-.KF«"E=0 -096x100x0-84  =+8-06  kg. 

(6}  A  =  D  +  H±T^  =  8-6B  +  8'06- 2-50  =  1425  kg. 

From  the  above  we  can  derive  the  angle  i,  for  we  have  :— 

(6)  A'  =  Wsin(«  +  3  +  i)  =  14-26kg.     But  fi  =  fl°. 
Whence  sin   ((i  +  i)  =  Hl^  =  0-1759;  therefore{i  +  f)  =  (8°  +  i) 
=  10°  8';  therefore  i  X  4°  8', 

So  that  if  the  machine  is  as  efficient  as  the  siirlaoes  ex- 
perimented on  bj  Lilienthal,  it  ought  to  descend  in  still  air  at 
an  angle  of  6° +  4°= 10°  from  the  horizon. 

This  was  fonnd  to  be  the  ease  in  a  calm  ;  but  when  the  wind 
blew,  especially  when  it  had  an  ascending  or  a  descending  trend, 
the  angles  of  aescent  varied  from  7i°  to  1 1  °. 

If  a  motor  is  to  be  used,  the  friction  in  the  machinery  and  the 
slip  of  the  propeller  must  be  taken  into  account. 

Tlie  above  mode  of  computation  will  probably  require  revision 
as  Boon  as  full  data  for  arched  surfaces  are  available. 

It  is  questionable  whether  it  would  not  be  better  to  consider 
the  air  pressures  perpendicular  to  the  surface  itself,  rather 
than  aa  perpendiciOar  to  the  chord,  as  assumed  in  Lilienthaj's 
tables.  Similarly,  it  is  open  to  doubt  whether  it  would  not  be 
better  to  take  the  angle  a  with  the  line  of  "no  lift "  (ne^Uve) 
rather  than  with  the  chord. 
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Tb«ee  questioiii,  bs  »bo  all  otheiB  relating  to  the  srahLiig, 
the  shape  of  surface,  the  exact  coefficients  of  the  Tarioos  forces, 
and  the  movements  of  the  centra  of  pressure,  must  be  considered 
as  a  whole  in  order  to  determine  the  best  possible  form  of  wings, 
and  to  estimate  their  probable  efficiency.  Very  many  more 
researches  are  necessary  before  sntisfsctor)'  conclusions  can  be 
drown  from  them.  More  rapid  progress  would  result  if  all  the 
various  emulators  of  Lilienthal,  Hargrsve,  Wright  and  others 
would  see  fit  to  publish  tbeir  results  as  fully  and  promptly  aa 
poesible,  in  order  that  they  might  be  available  for  the  use  of 
other  experimenters. 


.Google 


CHAITER  XII. 

ON  AISrSHIFS. 

Bt  Maxtor  H.  W.  L,  Moedbbece. 

A.— HISTORY  OF  THE  DEVELOPMENT 
OF  THE  AIR-SHJP. 

g  1.     IHTEODtlOTOBT. 

Thk  couatracliou  of  on  air-ship  was  beyond  the  range 
of  [lOEBtbilit;  to  ths  siffhteentb  century.  The  problem 
beiime  only  practicable  in  the  iast  decadsa  of  the 
nineteenth  century,  nhen  mechanics  had  so  far  develojied 
that  the  construction  of  machines  driven  by  motors,  both 
li^t  and  powerfnl,  waa  possible. 

The  twentieth  century  opens  with  good  proapecta  that 
it  will  see  the  perfecting  of  a  practical  air-ship,  which  will 
BervB  important  objecU  both  in  science  and  warfare,  and 
will  introduce  a  new,  and  at  the  present  day  unknown, 
form  of  sport. 

The  numerous  extremely  fantastical  representations 
which  have  been  made,  showing  a  complete  disarrange- 
ment of  oar  traffic  by  ait-ships,  are  foolish.  Where 
other  means  of  communication  are  wanting,  they  will,  no 
doubt,  be  of  gteat  use  ;  but  the  airship  can  obviously 
have  only  a  limited  application,  owing  to  its  tonnage  and 
its  dependence  upon  the  wind  and  weather.  As  its 
development  progresaes  these  limitations  will,  of  com^e, 
gradually  d^appear  ;  but  it  can  never  compare  favourably 
with  the  sea-ship  as  regards  tonnage,  even  to  a 
thousandth  part.  On  the  other  hand,  it  appears  to  be 
not  beyond  the  range  of  probability  that  velocities  of 
12  m.  per  second  and  upwards  may  be  attained,  and  that  a 
gradual  development  in  the  direction  of  the  dynamical 
air-ahip  may  be  productive  of  stOl  higher  velodtiea  than 
this. 
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Evei^  science  is  made  use  of  in  woiking  out  the  problem 
of  the  air-ship,  which  is,  therefore,  as  intsTnational  as 
science  itaalf.  Hitherto  it  has  depended  for  ila  develop- 
ment, SB  the  following  sections  will  show,  on  the  ideas  and 
work  of  but  few  inventors,  and  on  the  skilled  application 
of  numeroDS  discoveries  to  aerunantioal  purpoBea.  In 
estimating  the  true  lalne  of  the  initial  struggles,  in  a 
future  ejKJch,  less  importance  will  probably  be  attached 
to  the  value  of  the  discoveries  themselves  than  to  the 
marvellous  energy  eipended  in  combating  the  ignorance 
of  the  masses  while  canying  out  the  ideas. 

This  is  not  the  place  to  dlBCUss  further  the  histories 
of  the  inventors,  with  their  bitter  troubles  and  false 
accusers  ;  but  it  may  be  pointed  out  that  those  who  seek 
out  heroes  who  have  devoted  life  and  all  to  further  an 
ideal,  can  find  a  large  number  iu  the  following  pages. 


g  2.  THE  EtQHTEENTE  OENTDBT. 

'-  Brisaon,  a  member  of  the  Academy  in  Paris,  read 
"'  before  the  latter  a  memoir  on  the  steering  of  alr-sbips. 
The  form  of  the  balloon  must  becylindriotJ,  with  conical 
ends.  The  ratio  of  the  diameter  to  the  length  D  :  L 
should  be  as  1  : 5  or  1  : 6,  and  the  smallest  croes-sectioDal 
area  should  face  the  wind  (G.  Tiasandier,  La  navigatioR 
a^rUnne,  CaviatiBn  et  la  dtredjon  dei  airostBis  dans  Its 
Umpi  anciena  et  laodemta,     Paris,  1880). 

BrissoD  proposed  to  employ  oars,  but  at  the  same  time 
doubted  if  the  human  strength  would  be  sufficiently  great 
to  move  them.  In  conclusion,  he  referred  to  the  use  of 
the  diffeiently  directed  currents  of  the  atmosphere  lying 
above  one  another. 
b.  The  brothers  Robert,  mechanics  iu  Paris,  received 
orders  to  build  an  air-ship  at  the  coat  of  the  Ihike 
of  Chartrea.  Shajw,  that  of  the  fish — since  it  was 
su]n>osed  that  the  air-ship  would  swim  through  air  like 
a  fish  through  water ;  cylindrical  form  with  hemi- 
spherical ends.  Ratio,  D  :  L  ^  3  ;  5.  Experiments  with 
models  on  the  action  of  the  distribution  of  weight  in  the 
length  of  the  ship,  on  the  stability  of  the  longitudinal 
axis,  and  on  theforce  transmitted  from  the  car  to  the  body 
of  the  balloon.  Length  of  the  body  of  the  boUoon,  62  ft.  ; 
diameter,  32  n. ;  contents.  30,000  cb.  ft.  The  building 
was  carried  out  in  the  St  Cloud  Park.  Investigations  made 
on  the  efficiencies  of  ditTeient  air  oara  in  a  boat.  Result : 
with  two  oars  of  8  ft.  diameter  a  back  pressure  of  90  lbs. 
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1^'   woa  attained  (4S  kg.)  in  air  \  witli  four  oars  in  the  middle, 
March.  j4(j  ,1^  (70  ^) 

The  balloon  was  provided  with  a  double  snyelope,  on 
Meuenier'a  recommendation,  in  order  to  be  able  to  travel 
for  long  perioda  without  loaa  of  gaa  or  balkat. 
July.  Meusnier,  a  member  of  the  Academy,  and  an  officer  of 
the  Eaginesra,  published  in  the  Journal  de  Phyriqut  the 
first  work  on  the  theory  of  balloon  travelling  and  on 
balloon  voyageiS  of  long  duration.  He  recommended  an 
egg-ahalted  gas-balloon  surrounded  by  a  second  strong 


OS.— Meumlec'i  prapoled  airship.  1784  (from  a  drawing  ftom  an 
albam  in  the  Archive  de  la  Bectlon  technique  da  gtai«). 

envelope.  The  penetration  of  gaa  should  be  prevented  by 
this  means,  and  might  be  further  hindered  by  ptimping  in 
air  between  the  envelopes  by  means  of  two  pressure  fans, 
the  gaa  being  compressed  and  made  denser  and  heavier. 
This  action  can  be  stopped  by  letting  out  the  air  again. 
Meusnier  hoped  to  tie  able  to  prevent  any  loss  of  gaa  or 
ballast  by  using  the  air  itself  for  the  ballaaling  of  the 
air-ship.  He  wished  to  make  the  air-ship  suitable  for  a 
prolonged  voyage,  and  it  was  to  have  a  wide  sphere  of 

By  these  means  he  hoped  to  be  able  to  utilise  the 
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17M.  different  ojr-currenta  in  the  variouB  strata  of  the  atmoB- 
^^'  phere,  for  voyaging  in  any  given  dii'ectioB.  The  motor 
working  by  manual  labour  was  oniy  intended  for  use  in 
a  calm.  Tbe  propellei  consisted  of  three  screw  blttdea 
(rames  laaraanUs)  ariaoged  in  a  diagonal  rigging  behind 
one  another.  The  cat  was  supjiorted  by  a  strong 
diagonal  rope  stispeosioii  tioia  the  envelope  of  the  balloon. 
The  air-ship  was  provided  with  a  rudder  in  the  rear  and  ' 
an  anchor  in  front  (Bemi*  de  ginie,  1002,  p.  146). 
e  Julj,  Ymt  ascent  of  the  Duke  of  Chartrea'  falloon  from  St 
Cloud.  Passengers  i  Duke  of  Chartrea,  the  two  brothers 
Robert,  and  Collin -Halin. 

In  consequence  of  the  double  envelope  the  outflow 
of  gas  dunng  the  ascent  was  iirevented.  Through 
the  presence  of  mind  of  the  Duke  of  Chartres,  who 
forced  a  hole  throngh  both  balloon  enrelavcB  witb  a  Sag' 
staff,  danger  from  bursting  was  avoided.  Descent  in  the 
FarkofMeudon. 
19  Sept.  Second  ascent  from  the  ganien  of  Tuileries. 
Passengers:  the  brothers  Robert  and  Collin-Hulin. 
Ascent  at  11.30  a.m.  Owing  to  one  oar  having  been, 
damaged  before  the  ascent,  only  two  could  be  used. 
Aceoraing  to  the  report  of  the  brothers  Robert,  they 
succeeded,  in  a  calm  about  4.30  p.m.,  in  cotnpletiiig  an 
ellipse  of  about  IBSO  m.  minor  axis.  Tliey  then 
travelled  farther  in  the  direction  of  the  wind,  without 
using  the  oara  or  ateeriog  arrangements.  With  these 
they  sacceeded  in  deviating  their  course  22°  to  the  east. 
Descent  near  Bethune  (Pos-de-Calais),  about  1(>0  km. 
from  Paris,  {iftmojre  swr  la  expi'nen.ces  airostatiquta 
failea  par  M.  Sobert  Frires,  iaginitv/rs-jienaionTiaiTea  dv. 
Jloi.     Paris,  1784.) 

David  hourgeois  made  the  first  allusion  to  the  use  of 
inclined  planes  in  the  ascent  and  descent  of  balloons,  for 
the  purpose  of  horizontal  forward  movements,  in  his 
work,  Recherches  sur  I'aH  de  isoler  (1784,  p.  88). 
1185.  Professor  Christian  Kramp  of  Stiassbnrg,  in  his  <Je- 
"  schichit  der  AiroBtatischtn  Maxhine,  Part  II.,  in  the 
arliole  on  the  "  Direktion  der  Maschine"(p.  S47),  recom- 
mends balloon  envelopes  of  the  shape  of  the  body  produced 
by  the  revolution  of  the  segment  of  a  circle  about  its 
chord.  The  horizontal  axis  of  the  body  must  be  very 
much  longer  than  its  diameter.  He  showed  also  that 
the  car  should  be  strongly  bound  to  the  envelope 
of  the  balloon,  in  order  to  transmit  ever^  movement 
caused  by  the  oars  immediately  and  undiminished  to 
the  balloon. 
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1T8G.      The  Academy  of  Lvona  offetsd  a  prize  of  1200  livraB 
'*'^'='''  for  the  following  exercise  :— 

"Indiquer  la  maniire  ]a  plus  eflre,  la  moms  die- 
pendiense  et  la  plus  efficace  de  dinger  a  voIodM  lee 
machinee  a^rostatiqneB." 

Not  one  of  the  one  hundred  and  one  memoirs  sent  in 
solved  the  problem  to  the  satisfaction  of  the  Aoademy. 
1T8>.       Baron  Scott,  a  captain  of  the  Dragoons,  proposed  to 

Srovide  a  fish-shaped  air-ship  with  two  pockets  in  the 
jre  and  rear  portions,  which  oould  be  drawn  into  the  en- 
velope by  an  arrangement  of  levers.  The  gas  in  this  way 
is  compressed  and  its  density  incresaed.  If  this  pressure 
is  changing  and  is  only  exerted  in  the  rear  or  only  in 
front,  then  the  longitudinal  axis  of  the  air-ship  mnst 
take  np  an  ascending  or  descending  direction  (A&otial 
dirigrahU  i  wlmUipaT  It.  le  baron  Scott.     Paris,  1789). 


J.  FALSE  IDEAS  HT  THE  EIOHTEBHTH  OEHTUXT. 


de  Morreau,  Chanssier  et  Bertrand.  DoariptUm-  de 
rAtroatat:  L'Acad&mie  de  Dijon,  Dijon,  1784;  Alban 
and  Valletj  Prids  rf«  rxp^rUaces  faUa  par  MM,  A  Iban 
a  VaiUi,  Paris,  1786 ;  Lunardi,  London,  16/9/1784 ; 
DrPotain,  17/611795.  The  results  given  by  Blanchaid 
were  only  for  advertisement. 

2.  It  was  generally  thought  that  the  proportions  of 
the  air-ship  SAould  resemble  those  of  sea-going  shipe, 
and  that  only  the  provision  of  sails  and  ruddBra  was 
permiasible.  The  schemes  for  air -ships  of  this  kind  are 
nnmerouB.  On  the  other  hand,  many  thought  that  the 
air-ahip  met  with  no  resistance  in  air  (poini  ifappujjsuch 
as  ships  meet  with  in  water,  and  that  it  was  necessat^ 
to  provide  such  a  roustance  artificially  before  one  conld 
use  air-saUs.  (Hinin,  Himinre  $ar  la  direction  dti 
tUroOals.     Paris,  1801.) 

%  i.  THE  NINETEBirrH  OENTUBT. 

!.  Leppig,  a  German,  built  a  £sh-ehaped  air-ehip  (fig. 
109)  at  the  cost  of  the  State,  in  Woronzowo  (Russia).  A 
rigid  frame  beginning  at  the  height  of  the  longitudinal 

.    Biis.     Two  fins  were  attached  to  the  sides,  and  a  tail 
was  provided  behind  as  a  horizontal  rudder.     The  lower 
keel-shaped  part  formed  at  the  same  time  the  oar. 
21 
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:-  The  isflatiou  of  the  air'Ship  took  fire  days ;  the  atMl 
BDrings  of  tha  wings  broke  {Z.J.  L.,  1882;  Frhr,  t. 
Hogen,  Gexhichte  der  milildrichen  Aironaviik). 

lloU.~Th«  principle  of  the  Hn  propeller  vai  usln  revlvtd  br 
"Armand  Le  Cumpngnon  "  in  1S9S,  In  Parli,  The  wlnn  of  hta 
■Ir-ihip  w«r*  (onned  after  thoH  ol  the  dneon-flf,  and  tn  the 
model  were  !  11  m,  long  and  1-76 m. broad.  The  lengtbolthe 
experimeatal  balloon  was  Wt  m,,  Ita  diameter  S'S  m,,  and  lU 

wlnei  o"elther  .lde°at  thi 'level  of  tbe  middle  aili.  'Wftb  2S2 
itTDkei  of  the  wine  per  minute  it  gave  a  pull  of  e'26  In.  (B. 
CBion,L'OrUiBpUrt,Bailanatngiiab&daUe$.  Parig,  lB»2.y 
1.  The  Comte  da  Lennoi  built  an  air-ship  of  cylindrical 
form,  with  conical  ends,  D:L  =  1:4,  in  Paris. 
Length,  180  tt.=42-26  ra.  ;  diameter,  86  ft.  =  ll-4  m.  ; 


Fia.  109.— Lanptg's  aerial  wanhlp,  1818  (fram  a  drawing  In  the  aecret 
irchliea  ot  Aleiander  I.  of  Boula). 

cubical  contents,  2800  cb.  m.  A  small  balloon,  200  cb. 
m.  contents,  was  placed  inside  the  larger  one  for  an  air 
filling.  Car  of  length  66  ft.  =  21 '9  m.,  rnstened  under 
tbe  balloon  by  means  of  ropes  18  in.  —  0'49m.  long.  Above 
the  car  the  balloon  was  provided  with  a  long  air-cuehion, 
in  connection  with  a  Talve.  The  Count  wished  to  alter 
"  air  in  the 
order  t«  be 
favourable  air-currente.  In 
ha  driven  forwards  by 


g.  Trial. — The  air-ahip  proved  to  be  too  heavy,  after 
inflation,  to  lift  its  own  weight,  and  was  destroyed  by  the 
onlooters  {Manuels  Rortt,  Depuis-Daloourt,  p.  138). 

JfdM.— Homeroui  elmilar  trials  were  carried  out  iu  the  nlne- 
tMntli  oeDtorr,  ualng  hunuB  power  ai  niotlT*  power  ud  icnwi 
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M  ptopellan,  all  botng  wlUiont  reaolt.   The  tolloiriiis  auj  be 

1S4S.  Hngh  B«II't  alr-ihlp  (tig.  110),  e;llDdrlcal-slu>p«d  bklloou,  !• 
IT  m,  D^ae  m.  wlUi  palDt«CI  ends,  wlUi  B  keel  oF  metal  tubca 
nmnlng  fron  point  (o  point  (0,  to  which  the  ur  wu  attached. 
On  sithBT  Bide  of  the  car  then  »ere  >crew  propellers  irorked  by 
hohd:  behind  wh>  Brndder(in),  Thetifaleln  Vsmhk]!  Oftrdeas 
wen  fnilUem.    (Fahr.  t.  Bledenlold,  Dii  turtfroaone.    Walmar, 

1S70.  Dnpur  de  Ltme.  Spindle-shaped  ballc-on,  L^36  m.,  D-U'S 
m.,  V^34H  ch,  m.  An  inner  air-balloon.  V^170  ch.  m.  Car, 
li'«  m.  long,  with  an  upper  edge  10-B  m.  from  the  uli  olthe 
ballODti ;  diagonal  rope  gnspeaalon :  net  coveting.  Baddar  In  the 
tonn  of  a  trlingulu  tail  beneath  the  balloon  and  near  the  rear. 
Donhle-wlnged  screwa,  »  m.  In  diameter,  to  be  worked  bj  4-S 


Fn.  110.— Hugh  BeU'i  airship,  lUB  (from  Frbr.  < 


de  I'Etat  >iir  lea  plaaa  et  toaa  la  direction  de  riDtenT." 
Tome  XI.,  Mtmoirt  it  faemUmie  da  lelenea.    PuU  l«n.) 
1  Ftb.       TVioI).— The  Hir-ihlp  waa  driven  bf  the  wind.    Independent 
vehKlty  abont  1'3K  -  £'S2m.  pet  second.  Deviation  from  the  direc- 
tion ol  the  wind,  10*. 
ISTO-      After  ntunerons  trials  with  models,  Baumgatten  and  WtUfert 
int.    bnllt  a  splndie'ibaped  airship,  L'I7'(  m.,  D=B  Di.    lie  car 
was  flrmh'  suspended  (torn  the  balloon  hf  aeven  ropes  pasiinf 
Ihtonib  the  buloon,  snd  by  tods  which  were  let  into  holes  In  the 


iBSii.       Geora  RsbensteiD  of  NiimberK  reverted  to  the  use  of 

1  AnC'   the  fall  of  incIiDed  planes  to  obtain  horizontal  motion. 

He  founded  on  this  the  impossible  propoaal  of  a  cubical 
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18S£-  reached,  acd  be  navigable  daring  the  descent  [hg.  112). 
*  *''*■  ^Liifttekifkunst  mU  und  okne  BeikHlft  der   AiroataiUi, 
Ton  Geoi^  EebenBtein,  NUrnberg,  1386.) 

A'otc.— The  prlnctple  of  the  iih  ot 
IncliDed  plaoe  Id  combination  witta 
■  ballooD,  to  obtain  a  horlEanul  move- 
ment during  theucont  mod  deKsnt, 

FJIln,  IMO,     (CAsAonnu,  nav.  air.. 

Parit,  ^1.)  D?'  Andrei  ot  Perth! 
U.S.A.,  built  HD  alr-rift  bulloou  In 
1803,    vhlch    could    be    [nclloed    at 

\oaA  lHoeiebeck,  Havdbuihder  iMft. 

tchiffaliTl,   p.    lOIi}.     WllllMB    Clark 

(Bngl.  Patent  Ho.  S28S,  I8«6>  pnnmaed 

to  u»  ■  movable  ull  lurface  between 

m^    ..I        -o  t.      .      ■     lialloop  and  car.    Q.  Wellnet'i  (Fro- 

™'  i'Kr^^?"^""  '    '«"»'  "'  the  Teohnifche  HochKhnle 

JSSt      ^^'"'^i  .?V    '"   »'*""'>    lavisaMe    eaU    balloon 

IBSSflrom  the  original).    ^gf_  j,_  jgjj^  p^  IBl)  was  built  In 

Berlin  in  1883.  and  waa  eiperimenled 

with,  but  did  not  give  the  resnlta  eipecled  (Moedebeck.  Hand- 

AueA  der  LufUchifahH,  p.  105,  Lelpiig.  ISSG).    Platte'i  balloon 

with  ulli  (Z.  f.  L.,  1SS3,  p.  200),  and  many  othen. 

There  are  (till  Bevf'  ' 


Henry  Giffard  built  a  spindle-shaped  air-ship  in  Paria 
(Sg.  113).  L  =  *4  m.,  D  =  13  m.,  V  =  2000  cb.  ra..  A 
rod,  20  m.  loEg,  was  suspended  6  m.  beneath  the  balloon. 
At  a  diatance  of  6  m.  below  this  the  car  was  hung.  The 
oar  was  fnmished  with  two.wioged  propellere  3'6  m. 
in  diameter,  and  a  3  H.P.  steam. engine.     Coke  Siias. 

Triangular  rudder  sail  between  rod  and  balloon.  Trial 
on  24th8eptember  1$G2.  Independent  velocity  2  to  3  m. 
per  second. 
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18».  New  IWofa.— L-72  m.,  D-10  m.,  V-3200  cb.  m. 
lusUad  of  the  rod,  a  stiSening,  shaped  to  ths  cnrTatuTe  of 
the  balloon  Bpindle,  was  fixed  to  the  upper  part  of  the 
envelope,  and  ths  net  was  fastened  to  this.  A  light  car 
feiiDeworfc,  square  shaped,  was  suspeuded  from  the  four 
upper  comera  "aj  the  cords  of  the  net.  Rudder— ft 
three-cornered  sail  on  the  body  of  the  balloon.  The  air- 
ship lost  its  horizontal  stability  on  landing  ftod  placed 
itself  with  a  point  upwards,  and  bunt  just  above  the 
^ouud,  after  the  net  and  cai-lrame  lud  pteTiomly 
dipped  off'.     The  passengeta  remained  nninjnred. 


Fra.  IIS.— Olffard'g  ali-ihlp. 


W'lrking  models.    The  (oIIowIiib  are  wortb;  o(  Dientlnn  :— 
ISM.       Hbmjt  John  John«on.      PsWot  No.  17B  (Brewor-AleMBder, 
Aenmautia).     Spindle-shaped  bollooD;    rigid  car  anapfld^a; 
two  pain  of  screw  oats  &rran^d   as  turoiDg  wlngi,   which, 
wheo  revolving,  drive  &t  tbe  ume  time  an  nmSrella  propeUer ; 

18t».  CaiDlUe  Vert  in  Paris.  Model  with  small  steam-englna  (O. 
■S]n».aAim,  La  Navigation  lUritwnt.    Paris,  IBSe). 

18U.  Lucien  Fromage  displayed,  at  the  Paris  Eihibition,  the 
model  of  an  airship  which  hod  a  central  tube  to  which 
the  screw  propellers  were  attached  (L.  Fromage,  Airoitat 
A  lube  central.     Eonen,  1SS9). 

ATote.— This  and  tlmllar  ideas  occur  (requentl;  In  lalai  times  : 
Finger,  189S;  G,  Cotta,  1901;  Krocker,  1M2. 

UK.  Paul  Haenlein,  English  Patent  No.  930,  an  a  spindle- 
shaped  balloon,  wiui  a  horizon  tally  placed  frame 
about  the  middle  axis.  Screw  proueller  at  the  front, 
rudder  aft.     Rigid  attachment  to  the  car  frame,  which 
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isw.  has  a  screw  piopeller  under  the  bottom,  for  riBin^  or 
■inking.  Motor — a,  gaa-en^ne  of  ipeoUl  conatraotion. 
The  heating  material  was  taken  from  the  balloon  gas. 
An  interior  bollonet  iros  filled  with  a  correepondiDg 
amount  of  oil  in   order  in  preserve  the  shape  of  the 


L»  nonjjatuHt  a*runne}.    It  bod  i 

L  Paul  Haenlein's  air-ship  (Sg,  114],  built  in  Vieima, 
was  tried  at  Oriinn,  inflated  with  coal-gas.  Balloon 
cylindrical,  with  conical  pointa^ — L  =  50-4  m.,  D  =  B-2m., 
V  =  2408  cb.  m.  A  small  air-ballonet  indde.  Oas- 
engiue,  with  4  cylinders,  of  about  2'S  H.P.     Weight  per 


Ttia.  UL— Haenlsln'a  alr-ihlp,  ISlt. 

H.P.,  including  the  cooling  water,  160  kg.  On  the 
f^mework,  which  was  strong;  attached  to  the  balloon 
by  means  of  a  longitudinal  stay,  there  were  four-bladed 
screws.  D-46  m.  The  trapeze-shaped  rudder  wm 
hstened  to  the  stay. 

The  trials  on  13/14  December  1873  gave  an  indepen- 
dent Telocity  of  I '3  m.  per  second,  and  proved  the 
navigability.  The  screw  mods  forty  turns  per  minnte. 
(Beridit  Uber  das  von  einem  Wiener  Konaortium  erbauU 
Luftaehiff  und  die  damit  angeiUllUn  Vertucht,  Vienna, 
1873;  Z.f.  L..  1882,  pp.  48  and  79;  Da- praktUdie 
Maschinen-Konstmktewr,  1874,  Nob.  ],  3,  3.) 

CordeDon'a  proposal :  egg-shaped  balloon  with  strong 
central  aiis,  to  which  the  screw  ia  attached  in  front,  the 
rudder  behind,  and  to  which  ia  fastened  olao  tlie  car. 
(/I  probUma  dell'  ao'onavlica,  aoluxioTie  dtll  Dott,  F. 
Cor4enon>,    Pro/easor   of    Mathemaiicii,    Padua,    1872 ; 
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Navigasbme  mil'  aria,  Uilan,  1S78,  oDntoina  tlie  sama 
Bdlieme  in  a  more  perfect  form.) 
WT*.  Paul  HMnI«in  Biiggested  that  the  body  of  the  balloon 
■hould  have  the  shape  produced  hj  the  rotation  of  the 
keel  line  of  a  ship  under  Tater.  This  form  would  have 
the  master  section  at  a  quarter  of  the  length  from  the 
end,  and  gradually  taper  away  from  there  (Gg.  115), 

Also  :  several  cars  each  with  a  motor  ;  the  cars  to  be 
fastened  under  one  another  to  a  rigid  flramework 
attached  to  the  longitudinal  ails  ;  rotary  Eolben  gas- 
en^ne,  to  prevent  shaking  or  a  gyratory  motion— one 
which  drives  the  air  propeller  ana  ia  drireii  by  the  gas 
Der  praktiKhe  ifast&iiien-Konalntkftur,  1871,  Nob.  28 
and  24). 


Haealln'i  alr-ahip.  1874. 


1SS1.  Albert  and  Qaston  Tissandier  recommended  the  use  of 
ui  electric  motot.  An  airship  model  shown  at  the 
Eleotrioal  Exhibition  in  Paris. 
IKS.  An  air-ship,  in  which  this  principle  was  utilised,  built 
and  tested.  Air-ship  spindle  shaped.  L  — 28  m.,  D  = 
9'2  m.,  T  =  10B0  cb.  m.  The  conatruction  was  founded 
on  the  plans  of  Giffard  and  Dupuy  de  LSme.  The 
stiffening  of  the  balloon  laj  at  the  height  of  the  central 
axis  on  both  sides,  and  consisted  of  wooden  stays. 

A  Siemena  electric  motor  with  a  bi-chroraate  battery. 

Propeller,  D  =  2'85  m. ,  made  by  Tatin. 

tesi/S.      Bensrd   and    Er>;ba    (fig.    US).      Fudform    balloon 

similar  to  that  proposed  by  Haenlein  in  1871,   master 

aeotlou  at  a  quarter  of   the  distance  from  the  stem. 

SG'l  eq.  m,    Qir  S3  m.  long,  just  under  the  balloon  and 
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18Bt/S.  rigidl;  attached  to  it  b;  diagonal  lopes.  Two-bladed 
screw-propeller,  D  — 9  m.,  fixed  in  front  Rudder — a 
solid  bod;,  onnstiiig  of  two  four-sided  pyramids  Ijiug 
with  their  bases  on  one  another,  placed  bebiod  between 
cor  and  balloon.  Net  covering,  air-ballonet,  movable 
weight  for  balancug.  V=iefl4  cb.  m.,  L=B0'42  m., 
DxiS-lm. 

S  fl.P.  Gramme  electric  motor.  Chromiam  chloride 
batteries  of  a  new  design.  (Capt.  Renaid,  la  bail<m 
dirigmbU  "La  Fraau^'  Paris,  1S8B  ;  R.  dt  VA., 
1SS9  and  1890.) 

Trials.—Qf.  Chapter  IX.,  g  10.  First  ancoessful  trial 
on  »th  Augoat  1881.  Maiimuni  velocitj  attained, 
6-6  m.  per  second.  Good  longitudinal  stabilit;.  Varia- 
tions 2°  to  3°  above  and  below  the  horizontal. 

IBBI.       In  1880  Debajeam  had  propounded  the  theory  that  the 


Fia.  lie.— Iteucd  ind  Knba'  ainhlp  "  l»  Vru«,"  188«  (trom  u 

oiiglnol  drawing  at  Chalata-Mendon). 

air  in  front  of  a  balloon  might  be  forced  awa;  by  a  mill- 
wheel,  when  the  air-ship  would  be  pressed  forwaid  into 
the  artificially  evacuated  space. 

A  cylindrical -shaped  bauoon,  with  hemiapherical  ends, 
was  built  of  Kold-beater's  sliin  in  b  balloon  shed  in 
Villeneuve  St  Georges.  V  -  SOOOcb.  m. ;  long  car  ;  5  H.P. 
electric  motor.  The  air-ship  proved  unstable  in  Ae 
trials,  and  the  expected  results  were  not  obtained. 
{Naiiigaliim  AiHmne  Syslimt  Debayeaux,  Paris,  1880  ; 
G.  Ti^andiet,  La  KavigaiioH  airieant,  Paris,  1886.) 
I  JuDe.  M.  Wolf  (m  Berlin)  attempted  to  Gi  an  euKiiie  and 
propellei  to  a  trian)^e  which  could  be  rotated  placed 
m  mint  of  an  air'Ship,  anpported  bj  the  steam-pipe  of 
ila  spirit  st«am-engine,  which  was  fixed  under  the 
body  of  t^e  balloon;  V  =  760  cb.  m.,  L  =  80  m., 
D  =  B  m.  at  the  hemispherical  front  end.  No  net 
not  rudder.  The  tromework  lacked  rJsidity,  ^e 
envelope  tore   dnring   the   infialaon,   and   the  air-ship 
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fiuled    to   ascend   (Moedebeck,    Handhieh    der    Luft- 
ichiffahrt,  Leipzig  1S8(>). 

1809,  David  Schwartz  built  a  rigid  oliuniniuni  ur-ship  in 
St  Fstarsburg.  On  inflating,  the  interiot  croBB  stays 
broke,  and  nude  the  framswork  unusable. 

1880.  Dt  Wa«lfert  of  Berlin  combined  e.  oigar-ahaped 
balloon  Kith  a  Daimler  benzine  motor.  L  =  28  tn., 
D  =  8'6  m.,  V  =  about  800  cb.  m.  The  oar  frsmawork 
was  of  bamboo,  and  r^dlj  attaohed  to  the  balloon, 
which  bad  no  net.  A  nuid  rudder  of  Ranard's  pattern 
was  attached.  Twin-bladed  aluminium  screw,  D~2'E  m. 
8  H.P.  benzine  motor.  Ice-walcT  cooling.  A  propeller 
fot  vertical  movement  was  provided  beneath  the  car. 

Trials  on  28tb  and  2»th  August  1696,  6th  March  and 
14th  June  1897.  .  On  acconnt  of  the  ousatiBlactoij 
resolts  witii  the  motor,  Woelfert  sought  to  improve  it 
with  a  benzine  vaporiser  of  his  own  pattern.  The 
improvement  was  not  a  success,  as  was  shown  before  the 
last  trip  by  the  Barnes  springing  out.  The  air-ship, 
" a  the 


18»G/T.  David  Schwartz  built  a  rigid  aluminium  air-ship  in 
Berlin  (manufacturers,  Weisspfenuig  and  v.  Watzesch). 
Balloon  of  elliptical  cross-saotioQ;  lengths  of  aiea,  H  m. 
and  12  m.;  133  sq.  m.  cross -sectional  area.  Pointed  in 
front,  rounded  off  aft.  Frame  of  car  rigidly  attached  to 
body  of  balloon  by  lattice-work.  The  balloon  was 
strongly  braced  internally,  and  had  an  outer  covering 
.  of  alnminiom  sheet  0'2  nnm,  thick.  V  =  S700  cb.  m., 
L  =  47-6  m.  Aluminium  oar,  with  a  12  H.P.  Daimler 
benzine  motor  working  at  480  revolutiona  per  minute. 
Benzine  consumed,  0'42  kg.  per  H.P.  hour.  Under  the 
cential  axis  at  esch  side  there  was  an  aluminium  screw 
propellsr,  D  =  2  m.;  belts  used  to  transmit  power.  No 
mdoer,  but  a  at«ering  screw  in  the  middle  above  the  car, 
D  =  2-75  m.  Total  weight  of  the  air-ahiv,  8680  kg. 
\sn.  JVioJ.— Inflated  by  a  method  suggested  by  v.  Sigsfeld, 
8  Nov.  by  pressing  out  air -tilled  fabno  cells  which  were 
ptenously  introduced  into  the  balloon.  Time  taken, 
S\  hours.  On  the  day  of  the  ascent  there  was  a  fresh 
E.S.E.  wind  of  about  7-G  m.  per  second.  The  air-ship 
apparently  made  no  headway  against  this,  but  remained 
stationary.  During  the  voyage  the  driving  belt  fell 
from  the  sorews,  in  consequence  of  the  bending  of  the 
free  hanging  body.  Afterwards  the  balloon  was  driven 
by  the  wind,  but  met  with  little  damam  on  landing ; 
bat,  after  being  emptied,  was  completely  destroyed  by  the 


POOKBT   BOOS   OF  ABEtOHAUTICS 

in  of  the  SI 


0  emidoT  mewl  eoTslopM  aiOM  Irom  tha 


iuvb  tor  aa  enrelopa  whlcli  woulil  b«  perfeotJ;  tight  agmli 
IB  penetnUoD  ol  gu.    Pinjeota  (ot    '- — '-' '-   ■-■ 


deTeloped  > 

:,  isn,} 


I  6.  BEVIEW  OF  THE  PAILUBE8  AMD  PB0QBE8S 
IN  THE  NINETEENTH  OENTDBT. 

The  DaoECB  of  non-succeas  laj  in  the  following  circam- 

1.  The  lava  lelating  to  the  aii-reBistonce  for  diSerent 

sizea  and  fonns  of  gurfaoes  were  not  snfflcientl; 
dereloped. 

2.  The  power   of  the  motors   emplojsd    was   over- 

eattmated  in  comparison   with   tha  gnat  head 
lesistaace  to  he  overcome, 

3.  The  action  of  the  propeller  in  the  air  was  not 

understood.  The  qneation  lu  to  whether  a  ktce 
■lowly-Totating  screw  propeller,  or  a  amul 
iBpidly-totating  one  worEed  most  satisbctorily, 
remained  undecided.  Tha  driving  power  re- 
quited for  the  various  screw  propBllers  was  also 
not  worked  out. 
The  difficulties  found  have  given  rise  to  the  following 
opinions  as  to  the  solution  of  the  problem  of  flight. 

1.  Many  workers  an  the  subject  wished  to  nukke  nse  of 
the  rise  and  fall  of  a  balliWn  in  combination  with  inclined 
planee.     This  idea  eiiats  on];  in  theoiy  at  present. 

2.  Others  conclude  that  the  problem  must  be  solved 
without  the  use  of  Iwlloons,  As  supportera  of  the 
"  heavier  than  air  "  principle,  they  oppose  the  adherents 
of  the  "lighter  than  air  "  principle. 

This  idea  has  met  with  little  Buccess  up  to  the  present, 
bnt  we  cannot  apeak  with  certainty  as  to  what  the 
foture  may  bring  forth.  Progress  became  marked  for 
the  first  time  in  the  tost  quarter  of  the  centuij ;  it  was 
brought  aboat  by  the  re4UJrementB  of  war  during  the 
siege  of  Paris,  1870-71.  The  advancement  may  be 
traced  to  the  foltowing  causes : — 

1.  ExperimeDts  ut  the  cost  of  the  State  by  the  French 
Government  [1872,  Dupny  de  L6ine  ;  1831-SG,  Renard- 
Erebs). 

2.  The  organisation  of  military  ballooning  troops,  who 
attacked  the  problem  zealously,  supported  eipenmeuts, 
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ittn.  And  spread  at  tbe  same  time  a  proper  knowledge  of  the 
=  "*"■  subject  of  ftir- travelling  in  geneinl,  and  stimulated 
meteorological  science  to  investigate  the  conditions  of 
the  ocean  of  air  bj  means  of  balloons. 

3.  The  development  of  the  tecbniqae  of  small  moton, 
which  itself  marks  ont  the  various  sta^  in  the  develop- 
ment of  the  air-ship — Bteam-enKine,  GiSard  ;  gaa-angine, 
Haenlein  ;  electric  motor,  the  brothets  Tiastindiei ;  ben- 
zine motor,  Woelfert 

*.  The  discovery  of  the  che&p  mode  of  manufaotore  of 
aluminium  and  masnesium,  and  of  the  useful  properties 
of  different  allays  of  these  metals. 

6.  The  improvement  of  traffic  ^neratly,  especially  of 
automobiles,  which,  beddea  leadmg  to  uie  steady  im- 
provement in  motors,  produces  a  class  of  men  educated 
m  courage  and  rapid  decimona,  characteristics  which  an 
aeroDaat  mint  possess.  Two  nations  have  devoted  them- 
selves more  than  any  others  to  the  development  of  the 
air-ihip — the  French  and  the  German,  each  in  its  own 
manner— ao  that  it  is  necessary  to-day  to  distinguish 
between  a  French  and  a  Oerman  school  in  the  art  of  air- 
ship boilding. 


I  e.  THE  TWJSNTlirrH  OENTDBT. 

Graf.  F.  von  Zeppelin  (maQufacturers,  Eober  and 
'  Eiibler,  ensineera)  built  a  rigid  air-ahip  in  a  floating 
balloon  shed  on  the  Lake  of  Constance,  off  Manzell  near 
Friedrichschafen  (fig.  117).  It  had  the  form  of  a  prism 
of  twenty-four  surtaces  with  arch-shaped  points.  L^ 
12S  m.  i  D  =  11'B6  m.  ;  inner  diameter,  ITS  m.  ;  V  = 
11,300  cb.  m.  Weight,  including  driving  material  (foel) 
for  ten  hours  (benzine,  cooling  water)  and  five  men, 
10,200  kg.  Aluminium  lattice-work  construction  with 
seventeen  divisions,  fifteen  being  8  m.  and  two  4  m. 
tons.  Cross  rings,  with  diagonal  and  chord  braces  of 
steel   wire.      The    fabric    envelope  fitting  the   i-*~"— 


ks  filled  with  gas  in  seventeen  hours.  Fabric  naa  also 
placed  on  the  outside,  and  the  space  between  automatic- 
ally ventilated.  Two  aluminium  cars  (6  6  m.  long,  1*8 
m.  broad,  and  1  m.  higb]  rigidly  attached  to  the  body 
of  the  balloon.  To  strengthen  the  whole  a  triangular 
alnmininm  keel  of  lattice-work  was  used,  carrying  a 
movable  weight  The  latest  improvement  consiated  of 
a  vertical  radder  under  the  front  portion,  and  a  hori- 
lontal   rudder,   and  in  the  rear  a  vertically  standing 
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^^  rudder.  Each  oar  was  famUhed  with 
T^  a  16  H.P.  Daimler  motor  (giving 
I  '  V  14-7  H.P.  at  080  revolutions)  wH£ 
J~'  ff'  an  alBCtro-raagQetio  igniter.  Weight 
i^  of  a  motor  and  the  necessary  cooling 
1*-  water,  450  Itg. ;  6  kg,  of  benzine  used 
1  hourly.  Each  motor  drore  two  4- 
j\  bladed  acrew-propeners  ol  aluminium 
T\_  aheet,  115  m.  in  thickueea,  pUced  at 
the  centre  of  resistance  on  tJie  aide  of 
the  body  of  the  balloon.  Tranainiasioii 
by  steel  tuben  with  uuivereal  crosa- 
joints  and  tension  arrangements,  in 
order  that  they  might  work  even  if 
the  bod;  of  the  balloon  were  deformed. 
Transmission  of  power  b;  conical  cog- 
wheels.    Keversible  driving  e 


>   that 


tha  a 


could  be  driven  backwards  or  farworda. 
For  steering  purposes  the  can  were 
provided  with  electric  bella,  tele- 
graphs, and  speaking  tubes..  The 
brst  two  were  polarised  as  a  prateclian 
against  fire. 

Trials  on  2nd  July  (Graf  v.  Zeppelin, 
V.  BasBUB,  Burr,  Wolf,  Gross),  17th 
October,  21st  October  (in  tbe-  two 
latter  trials  Lt.  v.  Erogh  took  the 
place  of  V.  Bossna).  Besults— filling 
accomplished  in  a  few  hours,  weigh- 
ins,  and  getting  away  (Capt,  t.  Sigs- 
fefl)  without  difficult-  Independent 
Telocity  attained,  7  'S  m.  per  second. 
The  numerouB  technical  details  of  the 
air-ship  stood  the  testa  well  —  the 
stability  was  sufficient ;  the  height 
of  flight  could  be  altered  by  travelling 
on  an  incline  by  means  of  the  hon- 
zonlAl  rudder  ;  the  landing  on  the 
water  was  free  from  danger. 

The  ujqier  crosa-staya  were  not 
strong  enough  for  the  long  body  of 
the  niUoon  and  bent  some  28  cm. 
upwania  when  the  air-ship  was  flying. 
iW  fault  was  corrected,  as  far  aa 
possible,  after  the  first  trial  by  altering 
the  stay.ropea  of  the  keel.    The  en- 
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1S9B-  Telope  of  the  balloon  was  not  gufflciently  gaa-tight,  and 

'"'*■  the  motors  required  to  be  mow  powerful  fcr  the  weight 

carried  (c/.  I.A.M.,   189S,   1900,   IBOl,    1902;    K.  v. 

Bassoa,  tlber  den  Oraf.  v.  Z^pelin'eche  Lvftachiff.    Bay- 

risekes  Tndvitrie-  und  Oewerbeblait,  1901). 

1898-      Santos-Dumont  (manufacturer,  Lachambre  ;  fig.   118) 

1906.  — J :^  of  trials  with  different  models,  continuallj 


.  !«»■  made  a 


with  the  laet  one  in  travelling  from  the  "pare  d'airosta- 
tion  de  I'a^roclub  "  round  the  Eiffel  tower  and  back  to 
the  atarting-point  in  SO  minut^a  41  seconds,  on  19th 
October  1902,  The  Dentsch  prize  of  100,000  free,  was 
awaided  to  him.  Up  to  180E  8ant«a-Dnmont  had  built 
in  all  fourteen  different  air'shipe. 


no.  IlS.-'SsntM-Diii 


Bentlls. — All  the  experience  of  the  French  school  from 
GiSard  to  Renaid  was  made  use  of  without  eioelUng  the 
labours  of  the  latter  with  respect  to  the  technique.^ 
Independent  velocity  about  7  m.  per  second,  using  a,  16 
H.F.  liuehet  motor  m  an  air-ship  of  contents  622  oh.  m. 
— D  =  6m.,  L  =  33m,  {1.  A.  M.,  1B02,  p.  1  ;  Le  giuie 
civil,  1902,  Nob.  18-20  ;  UASrophUt,  1898-1902.) 

S^litos-Dumont  is  the  founder  of  air-ahip  sport,  and 
has  made  air-ship  trials  popular  b;  his  success.      He 
has  also  lent  considerable  aid    to   the  development  and 
expajtBion  of  the  air-jhip  industry  in  Paris! 
Jfol*.— The  numaroiu  air-ships  w      ' 


It  (iioe  re 


tduataotDran  bare  to  take  li 


It  m  buUdiiii 


"} 
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•  thtlr  tnutomui.     The   IMtar   us,   baverw,  amtUj  ■iimt—ii 

.  uroDiaU  who  ipplf  themwlTM  to  the  lubject  on  avf  kfaid  of 
pretancv'publlclt;,  iport,  or  ipecnlAtioD.  At  far  mi  vB  mra 
eooumcd  here,  ire  need  onlr  conilder  thoee  fomii  whlcb  offer 
■omethlDg  no>e1  In  ooDttrncUan  or  hate  bronght  out  new 
■olentlflc  facta  on  their  trbU*.  On  theee  gioandi,  nuny  nkmea 
which  sra  known  through  edTertliement  or  office  will  be  omitted. 

'-      Boze  built  a  double  ur-sbip  in  Colombo,  bat  the  trial 

*  wu  attended  with  miBhsp,  Ha  intended  to  do  »«aj 
witli  the  rolling  and  pitchiDg,  and  brought  the  engine, 
propeller,  or,  and  parachute  to  the  middle.  He 
neglected  to  note  that  a  nnall  sectional  ana  and  a  savins 
of  weight  are  more  important,  and  at  the  trial  (Gth  »ua 
6tli  September  IMI)  awended  only  IS  m.  and  gave  np 
the  attempt  (L'AirophiU,  IMl,  p.  146  ;  /.  A.  3f.,  1901). 


Fro.  lie.— SerecoB  air-aUp,  IMS. 


AugastoSererotmBUubctnrar,  Lachambre),aBtaziliBn, 
'  Bought  to  bring  the  axis  of  the  screw  propeller  into 
the  axis  of  the  ballooa  by  a  large  bamboo  frame, 
about  which  the  apindje- shaped  body  of  the  balloon, 
provided  with  slits,  was  laid.  L=30  m.,  D  =  12*  m,, 
V=2334  cb.  m.  The  car  was  placed  in  close  proximity 
to  the  balloon  (fig.  119).  The  balloon  had  two  ballonets 
inude,  each  of  ^  the  contents  of  the  large  ballooii. 
In  place  of  a  rudder  he  attached  screw  propellers  t^ 
1  -2  m.  diameter  to  D  and  D",  in  the  front  and  rear  of  the 
ear,  but  somewhat  above  it  For  driving  he  had  a 
propeller,  B,  which  was  intended  to  diminisb  the  air 
resistance  in  front,  and  a  driving  propeller.  A,  these 
being  worked  by  two  Buchet  motors,  the  front  one  of 
12  H,P.  and  the  one  behind  of  2i  H.P. 
;.  Trial.  — Severo  dispensed  with  the  propeller  C,  the  air 
'T-  ballonets  and  the  motor  snardB.  His  air-ship  explodsd 
fourteen  minntfs  after  the  aaoent  from  Paris.    He  and 


HISTORY  OV  THR  DBTELOFXENT    OF   THI   AIR-SHIP      335 


d  122), 

Baron  Bradakj-Labaun,  Bcoretarj  to  the  Creniuiii 
Embasa;  in  Paris,  used  a  wooden  atiftening  (2)  nnder  the 
equator  of  his  air-ahip  (fig.  120 ;  nisiiuisctuNr,  La- 
onambre)  for  strengthening  it,  and  fastened  the  rudder 
(8),  consistinH  of  a  amall  eUiptical -shaped  area  (3)  (fig. 
121),  to  it.  To  this  vooden  frame  he  fastened  the  car- 
holders  (20  m.  Ions),  wade  of  ateel  tubes,  in  the  manner 
OBed  in  bridge  boilding,  the  car  being  suspended  bj 
htby  stoel  wires  of  onlj  1  mm.  diameter.  The  diagonal 
fastening  was  insaScient. 

Dimensions :— Conical  middle  portion,  22  m.  long. 
D  in  front,  6-3G  m. ;  behind,  6'IG  m.  Points,  aroEied  m 
shape,  8  m.  long  in  front,  4  m.  long  behind;  'V  =  850 
cb.  m.  No  ballonet,  bat  two  orosB  walls  at  the  ends 
of  the  central  piece,  A  diiving  screw  in  the  rear  4  m. 
in  diameter,  and  a  lifting  screw  under  the  car  2'6  m. 
diameter.  IS  H.F.  Bachet  motor. 
3  Oct.  Trial. — Baion  Bradsky,  accompanied  by  his  mechanic, 
Marin,  droTe  with  the  wind  over  Paris.  The  raddOT 
was  not  firmly  enough  attached  to  the  driving  screw, 
which  transmitted  power  to  the  whole  system.  In 
attempting;  to  land  OTei  Stains,  the  front  part  of  the 
balloon,  no  longer  tense,  lifted,  as  Morin  attempted  to 
come  to  Bradsky,  who  was  at  the  motor.  The  suspend- 
ing wire  broke  in  consequence  of  this,  and  both  men  fell 
to  the  ground  with  the  car  framework  (i.  A.  M., 
1908,  p,  1 ;  L'AirophiU,  1B02,  p.  22»), 
S  Dec  The  permanent  International  Aeronantioal  Commis- 
sion in  Paris  reaolved,  on  the  proposition  of  Cheraliei 
Pesce,  en  Italian  member,  in  view  of  tlie  accidenta 
which  had  occurred,  to  publish  a  treatise  on  the  nature 
of  the  dangers  which  are  liable  to  occur,  and  on  the 
means  to  prerent  them,  for  the  benefit  of  investigatoie 
il.A.  Af,,I903). 
1W2-  Lebaudy'a  air-ship  (built  by  Julliot  (eneinear)  and  the 
1901.  aeronaut  Surconf)  woa  of  a  new  type.  The  balloon  was 
cigar-ahaped — L  =  5S'G  m,,  D  =  9*8  m.;  master  section, 
72  sq,  m,;  T  =  2284  cb.  m, — and  was  faatoned  to  a 
rigid  elliptical  keel-shaped  floor,  21'6  m.  long,  S  m. 
broad,  102  sq,  m,  area,  made  of  steel  tobes.  This, 
covered  with  Girting,  would  serve  as  a  parachute  in  case 
of  an  accident,  but  was  intended  primarily  to  prevent 
the  rolling  and  pitehing  during  the  voyage.  A  horizontal 
rudder,  m  4'G  sq,  m,  area,  was  attached  to  the  end  of 
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Viot-  this  floor  Burfiu»,  and  Bome  dietance  from  this  a  vertical 
'*"*■   mddar  B  sq.  m.  in  area. 

The  car,  4-80  m  long,  1-60  m.  brood,  and  O'SO  m. 
high,  hnng  on  twenty-four  steel  rods  S  '6  to  6  mm. 
diameter,  &  'S  m.  under  the  floor  surface.  A  rigid  driving 
frame  of  steel  tubing  leads  from  the  front  portion  to  the 
floor  above,  A.  frame  1*4  m.  high  ia  placed  under  the 
car  to  catch  it  on  landiog. 

A  S6  H.P.  Daimler-Meroedes  motor,  weiKhing  376  kg. 
without  cooling  water  or  firing  material,  is  used  to 
drive  two  twin-bladed  screws  each  2'S  m.  in  diameter, 
placed  on  either  side  of  the  car.  Pull  tested  at  lOGfl 
revolations,  100  kg. 

Between  the  26th  October  IfiOS  and  the  21stNovembu 
1903,  thirty-three  experimental  ascents  were  made  witb 
this  model,  the  details  of  the  couatmctioa  beinx  con- 
tinually imtiroved.  The  longest  voyages  werer  37  km. 
is  1  hour  3S  minutes,  02  km.  in  1  hour  41  minutes,  98 
km.  in  2  hours  4fl  minutes. 

On  12th  November  1908,  the  air-ship  travelled  from 
Moiuon  to  Paris  in  a  S.S.W.  wind  blowing  6  m,  per 
second.     Maiimam  height  attained  300  m. 

On  2lBt  November  1903  the  air-ship  travelled  from 
Paris  to  Chalais- Meudon  at  an  average  height  of  ICO  m. 
in  a  W.  N.  W.  wind  of  3  to  3  m.  per  second.  On  landing, 
the  balloon  c*me  into  contact  with  a  tree,  tore,  and 

IBM        The  Lebaudy  air-ship  was  rebuilt  (fig.   123).      The 
balloon    waa   rounded    00-   elliptically   aft.      y  =  2S00 
cb.   ra.  ;    ballonet,   600  cb.  m.      Improvement  in  the 
stability  by  the  addition  of  fixed  and  movable  sails. 
IMM/E-      Trial  of  the  airship,  thirty  ascents  being  made.    The 
Minister  of  War  proposed  that  flights  should  be  mode 
from  Moiagon,  over  the  camp  at  Chalons,  and  on  to 
VerduQ  or  Tool. 
IMS.       Voyage  from  Moisaon  to  Mieui.     Distance,  91  km. 
"'"ly-  „  Actual  distance  covered  by  aii-ship, 

9Ei  km.    Time,  2  hours  37  minutea. 
4  Jnlf.  ,,  Miaui  to  Sept-Sorts,     Distance  direct, 

12'7  km.     Distance  covered  by  air-f 
sliip,  17*6  kra.    Time,  47  minutes. 
fl  J"^'  ,,  Sflpt-Sortato  Mourmelon,  near  Chalona. 

Distanea  direct,  B3'12  km.;  covered 
by  air-ship,  98  km.    Time,  3  hours 
21  minutes. 
After  landing,  the  balloon  bumped,  was  torn  by  a  tree, 
and  burst 
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190B.      L«band;'s  air-ship,  rebuilt  at  Toiil,  commenced. ■ 
*  ""'■    series  of  militaiY  trials. 

»  Oct.  At  tlie  65th  tnal  M.  Bertesui  ascended  in  the  Lebandj 
air-'hip,  which  ia  now  t«  bo  introduced  into  the  Frenim 
army  (/.  A.  M.,  1906,  p.  124). 

The  Lebaudy  air-ship  has,  so  far,  given  the  best  results, 
and  haa  clearly  shown  the  Way  in  which  we  may  expect 
bbe  air-ship  to  develop  in  the  immediate  future, 
IMS-  Graf  V,  Zeppelin's  air-ahip  rebuilt  (engineer,  Uhland), 
the  size  being  nearly  the  same  as  before,  the  workman.- 
ship,  however,  being  much  superior. 

Graf  r.  Ze^ipelin  was  able  to  rise  ^om  the  surface  of 
the  water  using  only  the  vertical  screw.  Fore  aod  aft 
the  air-ship  was  fumiahed  with  gimilar  scrawa,  together 
giving  a  lift  of  200  kg.  An  SO  E.P.  Mercedes  motor 
was  provided  in  each  car. 


Fio.JiM.— LebBudj' 


30  Not.  Commencement  of  the  trials  with  the  completed  air- 
ship (i.  .i.  jtf.,  15105,  Na  12). 

ITxii  ^^  '''*  *"*'*  '^^'■^  ''■  Zeppelin's  air-ahip  showed 
""■evidence  of  beiDg  able  to  travel  with  a  considerable 
independent  velocity.  Unfortunately,  however,  the 
longitudinal  stability  was  poor,  and  one  of  the  motors 
gave  tronble.  The  landing  was  accomplished  without 
shock,  btit  the  l^mework  was  subsequently  damaged 
irreparably  by  a  night  atorm,  and  further  trials  bad  to 
be  abandoned.  This  air. ship  was  provided  in  the  rear 
with  a  movable  tail-surfaoa  (/.  A.  U.,  1808,  p.  74). 

S6Uaj.     Major  V.  Parseval  eiperimented  in  Berlin  with  a  new 
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iWMi.  air-ship  baring  no  rigid  frame.  L=48m.  ;  D=S'GTtn.; 
MMay.y^jSOOcb.  m.  The  car  was  5  m,  long,  and  hang  9  m. 
below  the  balloon.  A  Daimler  motor  was  naed,  making 
1000-1100  revs,  par  min.  at  full  load.  A  fouc-bladed 
propeller,  4-2  m.  in  diameter,  was  used.  The  blades 
were  of  thin  st«el  tubing  covered  with  shirting.     The 

Sisengera  in  the  trial  trip  were  Major  t.  ParHBTal, 
plain  V.  Krogh,  and  Horren  Miiller  and  Koidel.  The 
trial  was  most  successful ;  the  air-ship  travemng  several 
S-shaped  paths  without  difficult;.  The  trials  are  beine 
continued,  alterations  and  improvements  being  eSected 
as  the  trials  progress  (/.  A,  M.,  1908.  p.  96,  Die  Woche 
1906,  9th  June,  "Dei  lenkbaie  Ballon  Parsevol,"  by 
A.  V.  Farseval). 
1  Out.  Race  for  the  Qordon-Bennett  Tropbj  and  several  other 
valuable  prizes.  The  compedtion  was  won  by  Mr  Frank 
P.  Lohn,  an  American  competitor,  who  travelled  the 
longest  distance — from  Paris  to  Whitby  (England),  about 
100  miles — the  time  taken  being  twenty-four  hours.  The 
intareat  shown  by  the  general  publio  in  the  details  of  the 
race  cl«ariy  showa  the  ^na.t  interest  now  being  displayed 
in  matters  affecting  aenal  navigation. 


B.— POINTS  TO  BE  NOTED  IN  BUILDING 
AIR-SHIPS. 

g  I.  THE  HOTOB. 

The  choice  of  a  suitable  motor  is  the  first  essential  in  building 
an  air-ship,  and  of  all  the  computations  in  connectioD  with 
tho  air-ship,  those  neceeaary  to  deduce  the  power  of  the  motor 
required  are  perhaps  first  in  importance  Eveiy  advance  in  the 
devetopmsnt  of  light  motors  corresponds  to  an  advance  in  the 
development  of  the  air-ship. 

We  must  take  into  account  the  smallnesa  of  the  weight  for 
the  greatest  effective  power,  safe  driving,  and  length  of  working 

A  comparison  of  the  suitabilities  of  difrerent  motors  con  only 
be  carried  out  if  the  effective  power  can  be  measured  on  the 
propeller  screw-sbafi),  and  if  the  weisbt  of  the  gearing  for  the 
transmission  of  power,  the  fuel  or  driring  materials,  and  the 
cooling  water  (for  an  hour's  running)  are  taken  into  account. 
The  slfeative  power,  measared  conveniently  by  a  brake- 
dynamometer,  eipreased  in  H.P.,  divided  into  the  total  weight 
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calculation  b;  builders  of  air-BhipB.     If  the  sizs  of  the  alT-ship 

Ib  aaaumed,  and  the  form  ia  taken  as  similar  to  that  of  Reuard  s 
"  La  Fiance,"  eiperijnents  with  thif  air'ship  gave  the  following 
fonnula  couneotuig  the  minimum  power  (E)  teqaired  for  the 
productian  of  an  independent  veloeity  v. 

(1}  E  =  0'0416  S  tr*  metre -kilograms  per  sec 

where  8  is  the  total  efleotive  ares  resiating  the  forward  motion. 
If  D  ia  the  diameter  of  the  master  section  of  the  air-ship,  then 
8  =  ^  (veiy  nearlj),  and 

(2)  E  =  0-032e  DV  metre-kilogramB  per  sen. 

Example  I. — Let  S  =  65'4  sq.  m.,  v  — S'G  m.  per  sec. 
E  =  0-0*15xh6-4xa-6'  =  631ra.-kg. 


EtKtfapU  2. — Let  D=ll  m.,  v=l  m.  per  sec. 

E=0-0826  X  ll»x7'=1363  m.-kg.  per  sec 
N=1S  H.P. 


ncressing  the  n 

of  the  air  and  caosing  greater  power  to  be  necessary  to  maintain 
the  velocity. 

According  to  Eqpitallier  (Le  ginit  civil,  1802,  No.  19), 
the  coefficient  for  the  air  resistance  in  the  cose  of  Renard's 
air-ship,  as  determined  by  subsequent  calculation,  should  be 
D'OllSandnotO'OlSSS  as  given  initially.  Equation  (2)  ehonld 
therefore  read 

(2a)  E  =  0'0287  DV  m.-kg.  per  sec. 

Setting  this  value  in  Example  2,  we  find  a  more  bvonrable 
value  forN-14-7H.P. 

g  2.  THE  PBOPELLEB. 


■draws.    The  last  named  a 
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of  view  of  tlie  tedmiqae,  and  are  uBoally  employed  (Chapter 
XV.)-  There  are  Diimerous  forms  of  airscrew  propellera.  The 
tractive  power  of  a  screw  depends  on  its  form,  size,  and  on  the 
nnmber  of  revolntions  per  minute  made  (angnlar  velocity). 
Careftil  eiperiments  must  therefore  be  carried  out  in  all  these 
directions. 

The  testa  may  be  best  carried  out  by  placing  the  propeller 
■crew-shaft  axially  movable,  or  suspeuding  it  and  attaching  it 
to  a  dynamometer  or  a  balance  scale.  I^f  v.  Zeppelin  made 
comparison  experiments  with  screws  on  an  air-screw  motor 
boat  on  the  water.  Both  methods  have  their  fa^ts.  They 
give  us  no  conclnaion  respecting  the  expenditure  of  work,  and 
the  tractive  power  of  propellers  in  motion  with  those  velocities, 
which  we  wish  to  have  when  the  air-ship  is  moving  with  the 
desired  independent  velocity.  Experiments  an  this  point  may, 
perhaps,  be  made  by  a  method  proposed  by  Finsterwalder, 
which  consists  in  mounting  the  propeller  on  a  boat,  and 
measuring  the  power  with  a  dynamometer  while  dragging  the 
boat  through  the  water  with  a  big  velocity. 

Probably  they  will  eive  a  smaller  driving  power  by  thU 
method  than  we  have  hitherto  been  accustomed  to  assume  in 
calcnlations,  and  a  new  standpoint  for  the  construction  of  air- 
screws may  be  developed. 

The, results  hitherto  obtained,  and  assumed  correct,  may  he 
summarised  as  follows :  — 

1.  The  square  of  the  litUcg  power  varies  as  the  cube  of  the 

nnmber  of  revolutions  per  minute. 

2.  The  expenditure  of  work  per  unit  time  varies  as  the  cnbe 

of  the  number  of  revolutions  per  minute. 
S.  The  lifting  power  for  a  given  expenditure  of  work  varies 
inversely  as  the  number  of  revolutions  per  minute. 
(O.  Tissaudier,  Les  ballons  dirigeabla,  Paris,  18SS. 
Ch.  Renard,  "Machine  k  ess^er  lea  helices,"  Sm.  dt 
PAir,  1889,  p.  93.  Wellner,  Z.f.  L.,  1893  ;  Zeitaehrifl 
dt*  iiUTTeith^n  Ingenimi/r  und  Arch,  l^ereint,  1896, 
NoE.  86,  86.  Jarolimek,  Z./.  £.,  1894,  W.  Q. 
Walker  and  Patrick  Y.  Alexander,  TA*  Lifting  Power 
cf  AiT-propelUn,  Enginta-ing,  18/2/1900.  /.  A.  M., 
1900,  Ho.  3.) 

g  S.  THE  IHDEPENSENT  TELOCITY. 

The  motor  and  propeller,  rigidly  attached  to  a  balloon  of  a 
form  oflering  littie  reustance  and  having  aa  small  as  possible 
lon^tudinal  oacillatioDa,  determine  the  independent  velocity 
of  me  air-Ehip,  i-t.  the  absolute  velooily  which  it  would  have 
iu  a  dead  calm.    On  the  other  hand,  we  c^  ihe  velooi'tT  <^ 
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travel  the  relstiTe  velodtj  with  which  the  aii-ship  movea  witl) 
respect  to  the  earth's  surface. 

The  independent  relocit;  of  the  air- ship,  and  the  tims  it  can 
be  nuintaioed,  form  the  iirineipal  criteiion  for  its  pnctiol 
QsefiilueaH.  They  can  only  be  eatunated  beforehKnd  Teiy  rotwhly 
OD  the  baeiB  of  resQJts  known  at  the  preaent  time.  Banaid^has 
giien  the  foUowing  laws : — 

The  independent  velooitiea  of  similar  aii-shipB  are  proportional 
to  the  cnb«  root  of  their  tractiTe  powers  divi(ud  into  the  cntaa- 


(3) 


_    ./SA, 
VS,A 


where  v  and  n,  are  the  independent  velocities  in  metres  per 
aecond,  S  and  Sj  the  largest  reaisting  surface  of  the  air-ship  in 
aq.  m.,  and  A  and  A^  are  the  powers  acting  on  the  screw  pro- 
peller shafts  in  B.P. 

ExampU  Z. — In  the  air-ship  "  Ia  France  "  v  was  S'S  m.  per 
second: 

A-8-23H.P, 


A,  =  ie-iH.P.    (7.^.  J/.,  1902.) 
How  large  sboqld  v,  be  on  the  above  supposition  ? 

depende 
This] 
lat,  after  taking  into  & 

a  kite-balloon  sent  aloft  at  the  sa 

The  ma''''"""'  attainable  speed  has  not  aa  yet  been  reached 
on  acoonnt  of  various  disturbaiiccs,  and,  auooiding  to  Finster- 
walder,  Hergesell,  and  Miiller-Breslau,  should  be  about  9  m.  per 
second.  Although  Benard's  Bupposition  is  not  perfectly  correct, 
yet  we  may  work  with  this  less  favourable  formnla  until  fortjier 
rmults  are  to  hand. 

It  may  be  pointed  out  that  all  Ranard's  fonnnlffi  refer  to 
air-ships  of  the  form  of  "La  France,"  and  their  application  to 
other  forms  cannot  give  more  than  approximate  valaes. 

g  4.  THE  DIAHUIEiB  OF  THE  AIB-BHIF. 
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most  important  part  of  the  air  rsBiBtaiice  in  tiaTelluig,  and  it  is 

imperative  to  cEoose  the  croW'Section  as  small  as  practicable. 
It  mQBt,  however,  be  large  enough  t«  have  BUffioieut  aerostatical 
power  of  manieuvTitig  (i.e.  upwards  and  downwards),  and  be 
able  to  attain  the  desired  height  bj  the  uae  of  ballast  (throwing 
out  a  weight^l  per  cent,  of  the  total  weight  of  the  oir-ahip 
wOl  cause  an  alteration  in  height  of  80  m.  ;  ef.  Chapter  VI.,  §  3). 
Since  the  shape  moat  be  a  long  figure  in  all  circnmstances,  we 
can  determine  the  diameter  as  soon  as  we  know  the  driving 
power  E  of  the  motor  (in  kUograms),  on  the  basis  of  the  dedrad 
independent  velocity. 
From  Beuard's  formula  (2)  we  can  deduce 

(*) 


S  S.  TEE  SHAPE  AND  SIZE  OF  THE  BAUJOOH. 

The  most  favonntble  shape  is  that  which  offers  the  least 
head  and  side  reeistanoe,  while  possessing  the  greatest  volume 
and  the  greatest  longitudinal  stabilitj. 

In  moat  forms  of  ballooca  for  air-ships  we  can  distinguish 
between  three  parts— the  forward  point,  the  long  middle  portion, 
and  the  rear  part.  The  middle  portion  forms  the  principal 
carrier  of  the  total  weight ;  its  prolongation  is  limited  only  b; 
considerations  regarding  the  preservation  of  shape  and  its 
stability.  It  is  adviaable  to  consider  this  middle  portion  alone 
in  calculating  tlie  size  of  the  carrying  body,  and  to  leave  the 
end  portions  out  of  account.  The  form  is  either  cylindrical, 
tun-shaped,  or  half  tun-ahaped  (blunted  spherical -cone  shajied). 
Underneath,  the  shape  is  flattened  out,  The  points  and  ends 
are  usually  attached  taagentially  to  this  middle  body,  in  such  a 
manner  that  the  curve,  from  which  the  form  of  the  balloon  may 
be  derived  by  a  revolntion  about  its  axis,  will  be  a  regular  line 
with  parabolic  ends. 

Haenlein  proposed  to  use  the  keel  line  lying  under  water  of  a 
sea-ship,  Renard,  two  parabolic  curves  of  dilTerent  focal  lengths, 
for  the  air-ship  curve.  Both  give  unBjmmetrical  bodies  of 
rotation  whose  greatest  cross-section  lies  in  the  first  quarter  of  the 
longitudinal  axis.     This  form  does  not  admit  the  possitdlitj  of 
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bringiiig  the  propeller  in  ttont  at  the  blunted  portion  amx  t« 
tiie  centre  of  preaaure  and  the  central  point  of  the  driving  force. 
Benud's  parabolae  were  dettomined  aa  follows  : — 


lihe  middle  portion  and  the  end 


i9ryj' 


The  &Tonrable  properties  of  the  form  es  regar 
the  reaistance  were  proved  empirically  bv  experiments  in  water. 

Saoh  eiperiments  ought,  however,  to  be  made  in  the  air  itself. 

Ahlborm  (/.  A.  M.,  1S04,  No.  6)  has  proved  that  the  forma- 
tion of  eddies  at  the  sides  and  behind  the  movine  balloon  have 
an  importaat  inBuence  on  the  air- resistance  and  the  stabili^. 

g  6.  OALOULATIOIT  OF  THE  DOfEKSIOIfS. 

a  ABSuming  that  the  diameter  of  the  master 

CToaa-section  and  the  probable  total  weight 
are  given,  the  dimensions  m^  be  calculated 
with  the  aid  of  the  following  ^nnulee. 
I.  Oyllnder. 

(6)  Area  of  envelope:  0=2irrA, 

(6)  Contents:  V^wr'h. 

B  11.  Spherical    cone  Mid  blunted  cone 

1S4.— Conitouo.  (after  Voyar), — The   spherical    cone   may  be 

me'^iSi^^"'  ^°°^^  "JJ""  ""  8  portion  of  the  surface  of  a 

sphere,  B  A  B  A,  which  is  rolled  up,  bo  that 

toe  two  semicircles,  BAB,  overlap  (fig.  124), 

If  the  section  is  bounded  by  two  arcs  Koching 

&oni  pote  to  pole,  on  rolling  together  we  get 

the  spindle  tarm  (fig.  125}. 

Let     R= the  radius  of  the  original  sphere ; 

r=         „  ,,       spherical  cone  i 


ae  (ipindle). 


a  =  longitude  of  ■  panllel  ciicle  MM  of 
the  original  sphere,  corresponding  to  M'M'  on 
the  spherical  cone. 

Further,  let  sin  0  =  K  =  ^.  B  ie  thewmi- 
angle  at  the  apex  of  the  spherical  cone. 

A.  Th*  mean  eroaa-aectioTtal  area  of  Iht 
»pheriaa  cone  (Ggi.  12Sand  127).. 
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Dfltarmination  of  tho  position  of  the  point  M. 
Wb  have  arc  A'M'  =  are  AM  =  Et 

Abwiissa  ;  x  =  r  oos  a. 


y^J'°'d,i^W^- 


Tangent  M'S'  i,n  is  the  angle  made  by  the  tangent  with  the 
aiiB  CrB'). 

8inM  =  Eain«. 
M'S' =  MS. 

Radinaofcurvature  patM' (^p'  =  -^  =  M'p]  ;.  ^  =  ^. 

S' 

4 


rnw.  1B8  and  127 .— Figure!  (or  calcnlaUonolBpiiidleronii. 
Pole  B, ;  gemi-angle  at  the  apex  ' 

B=Bin-"K. 
Surface !  (1)  Portion  A'M'  M'A'  (fig.  126), 

^=EV  +  sm^coa;.); 
(2)  Portion  A'B'A', 

where  b= •./R'-r*. 

B.  Sj^ierieal  eont  (Wtwiierf)  A'M'  M'A'. 
(7)Snrfiw>e!  0=2»KR'Bin«. 

(8)  Length  :  L  =  EB 

where  E  =^'da  ^l-K^duV 


POCKET  hook:  of  abronauiicb 


(B)  Contents : 
V=^TK>Biii«. 


i-Vi- 


+  (l  +  K>)E-^(l-K")F 


C.  Spherital  a 
(10)  3ar&ca : 


^  A'B'A'. 

or    0=2i«-R. 
L=RE, 


°  Ei=^<i»\/1-K»fiin'a. 

!)  ConUnto:  V  =  ^T(1  +  K?)E,-(1  - K')F,1 


(QT.  Voyer,  "Lbb  codbh  aphiriquea  et  lenr  applicatioii  ii  la 
oonatructios  des  bsllonB  allang^a,"  Rtv.  <U  I'Air,  1894.) 

With  tlie  help  of  L^endre'a  tables  of  elliptical  fimctiotis 
(see  Table  XXI.},  which  ^ve  ns  B^sin-' K  (i.e.  the  BBmi-andB 
at  the  ap«i  of  the  gphencal.  cone),  as  well  as  the  values  of  £i 
and  V,  tar  different  values  of  K,  we  can  determine  easilv  and 
rapidly  all  the  constants  of  the  bodies  of  baUoone  which  are 
formed  from  cnrves  of  epheiical  ooues. 
Exampit  6.— Ojlindrlcal  form. 

Let  D  =  2r  =  ]0'6  m.,  L  =  120  m.     Then,  according  to  the 
formula  (G) : 

O  =  10'6x,xl2O  =  a9S8Bq.  m. 
V  =  {5-25)'x»xl20  =  S92acb.  m. 
Example  6. — Spharlodl  cone. 
Let  B=*2  m„  r=6-26iii.,  then  K,=.l  =  i, 
Aocording  to  formula  (10) ; 

0  =  2irx6-a6x«  =  13B*»q.  m. 
Acooiding  to  fonnula  (11) : 

L  =  42E,. 
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Since  K  =  l  =  0-1250,  Table  XXI.  dves  «,  the  semi-Tertio*! 
Angle  of  the  cone,  »  Tatae  between  7  (0'121S)  and  3°  (O'lSSS). 
By  interpolation  wa  get,  approrimately,  fl  =  7°  10'. 

For      7°Ei  =  l-5fl4e,  according  to  Table  XXI.  ;  and  for 
8' E,  =  1-6882, 

For      7°  10*  bj  interpolation,  Ei=  1'6846, 
whence  L  =  *2  >:  1  '6648  -  6E  '7  ra. 

The  oontenla  nuj  be  found  by  snbstitatiDg  the  aboTe  valuea 
in  formula  (12) : 

^=t[(-(I)>  ■■— (-(i))-™]- 

Where  Fi  is  determined  &oin  interpolation  between  the  two 
Talues  1 -5767  and  1 -5786: 

y_3-H16x42'x0^42_,,,,„^  m. 
3 
BmampU  7. — If  L  and  r  are  given  and  we  wiah  to  find  0  and 
T,  we  muat  fint  Bud  E,  and  the  faction  E,  in  order  ta  be 
able  to  apply  Table  XXI. 
Let  L=Sr;    r=6'Bm. 

Fonnnla  (11)  gives  L  =  RE,, 

or   8?-  =  RE,; 
^  =  E,    ot  E,=3K. 

The  tables  show  that  for 

._„„./    K  =  0-4848 

""■**  \3K  =  r45«andE  =  l-4740i 

-_-„./   K  =  0-5000 

'-""  \SK  =  l-500andE,  =7-4876. 
For38*  Ei-3E  =  l-4740-l-4544=+-0-0196;  ' 

and  for  80°      Ej-SK^  1-4675 -1-6000=.- 0-0826. 
For  1°  alteration  of  0,  E,  -  3E  altera  0-0E21. 
Whence  one  must  altera  by  1??  of  l°inord8rthatE-8E=0; 


S  7.  THE  OONBTBIIOIIOIT  OF  SFHUBIOAL  OONES. 

ps  are  taken 

B  ia  imagined 
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tloa    at    tmuTHM 


e  CalcDlatioD — 


_     .  MHl.(K<i).— 

Imurine  the  surface  of  the  sphere  to  be 
divided  by  meridians  equal  in  breadth  at 
—  the  eq^natot  U>  the  widtlt  of  the  material, 
and  imagine  the  apberical  cone  developed 
as  a  aphetical  triangle  on  this  sphere,  the 
centtal  line  of  the  triau|:^e  coinciding  with 
the  equator  of  the  sphere,  then  the  portions 
of  the  meridiaa  lines  blling  witnin  this 
spherical   triangle  ABA'  give  the  exact 

CoMtrni-  cnts  for  the  pattama  of  the  different  tians- 

'"" ;.  128). 


g  8.  THE  HAINTEIIAIIOE  OF  THE  BOAFE. 

A  choice  lies  open  between  a  soft  fonn  maiutaiaed  by  an 
interior  excess  pressure  and  a  form  stilfened  bj  a  framework. 

The  first  may  be  obtained  by  keeping  np  the  preemre 
in  one  or  more  small  aii'balloona,  introdnced  into  Uio  gas- 
balloon,  by  means  of  fans,  which  must  be  kept  conatantly 
running  by  a  motor  (French  school);  or  by  a  method  also 


o[  the  prenorei  iotide  an  airship. 


auggested  by  Meusuier,  of  surroaading  the  gas-balloon  by  an 
air-balloon  in  which  the  pressure  is  simiftrly  maintained  by  fans. 

The  interior  pressure,  p,  must  have  a  certain  vslue  to  keep 
the  balloon  atitF.  It  may  he  determined  in  kilograms  per 
eq.  m.  by  the  following  meuod  (due  to  FinsterwalderX 

If  the  moment  of  tiie  acting  forces  (fig.  129  ;  weight  acting 
downwaids,  buoyancy  upwards)  with  respect  to  the  highest 
point  of  anj'  circular  cross-section  of  radius  r  (m.)=^M  (kg.-m.), 
then,  to  prevent  a  diminntior  ■-  *■' '^  — 


(IS) 


rt..i 


■^  m- 
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The  asBDmptian  ii  mode  that  tile  diitribatioii  of  preetUTe 
'nterioT  is  umform ;  p= presstm  at  the  equator  of  the  balloo 
it  upper  end  of  orosB-section).     The  girth  must  be  iibU  U 


interioT  is  umform ;  p= presstm  at  the  equator  of  the  balloon  (not 
-'  — perendoforosB-section).     The  girth  must  be  abU  to  main- 
it  least  a  presann  of  rr^  kg.  everywhere,  and  tha  enrelope 


(14) 


2»rcc 


£_/'tg.\ 


where  ■  is  the  angle   snbtended  between  the  tangent  ti 
meridiaD  and  the  axis  of  rotation. 

From  the  first   fonnula  for  U  we  see  that  the  n 
againet  defonnatioii  is  amoll  at  tiie  ends  :  and  from  the  latter, 
that  the  material  is  moat  tightly  etretched  at  ita  greatest  cross- 
Mctdon. 

The  maintenance  of  shape  may  be  more  simply  attained 
antomaticaU;  by  the  German  Parseval-Sigafeld  ayatem  (see  Kits 


ia99kg. 

, -i«  Interior  pm»ui'« 

ii  nupcndwl  under  the  centre. 

Balloon— Chapter  IV„  g  25)  by  means  of  the  pressure  of  the  air 
opposing  the  night. 

In  this  caiie,  however,  difGculties  in  connectiOD  with  the 
preeervation  of  the  shape  arise  as  soon  as  the  forward  motion 
ceases,  or  when,  as  on  landing,  the  balloon  most  be  worked 
backwards. 

The  tension  is,  on  the  average,  more  than  double  aa  great  in 
the  longitudinal  axis. 

If  the  circumferenoe  is  n(m.)  and  the  area  F(sq.  m.),  then  the 
tensiou  is  greater  than 

s.  &. 

Sxantptt  8  (fig.  ISO). — A  spindle-shaped  balloon  of  length 
80  m.,  (Uunater  10  m.,  and  lifting  power  1000  kg.,  carries  iti 
lo«d  principally  on  the  circular  middle  eross-sootion  where  ■=0. 
The  Jifting  force  of  600  kg.  in  each  half  acta  aa  though  passing 
through  a  point  20  m.  distant  from  the  central  cross-sectiDD. 
Further,  H  =  500  x20-10,000iu.-kg.  In  onler  that  the  balloon 
may  not  collapse,  we  find  from  the  above  formulEe  that  the 
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iotorior  ptMsnre.p,  mnst  = 

SC  mm.  of  watei. 

Tbe  girth  on  the  bulging  side  must  be  able  to  stand  a  tenaiou 
of  26  X  3-li  X  26-5  =  2000  kg.,  and  the  material  of  |ii^^ 

=  68-8^. 

These  are  minimum  nnmbers.  At  right  angles  to  the  aiia 
the  material  must  be  able  to  bear  a  greater  HtrcsB.  If  the 
oircumference  of  the  master  section  is  ISO  m..  and  Ics  area  SOO 
sq.  m.,  then  with  a  mean  pressure  of  25'G  -^ou  the  whole 


Examplt  9. — Assume  the  car  euspensioas  distribute  the 
weight  of  1000  hg.  on  the  two  halves,  as  indicat«d  in  fig.  ISl. 

Then  the  moment  with  respect  to  the  uppermost  point  of  the 
central  section  is: 

M  =  860  X  20  -  500  X  20  =  7000  ^ , 

.  7000         ,-okg. 

The  upper  girth  must  stand 

2B)(8-Ux]7-8  =  H00kg., 
and  the  material  (in  the  middle) 

If  it  will  not  stand  this,  then  the  balloon  falls  together  with 
the  points  downwards.  The  mean  tension  in  the  maximom 
section   at   right  angles  to  the  longitudinal  axis  is  OEi  =i: , 

calcQlat«d  as  in  Bzample  8. 

We  learn  from  this  bow  greatly  the  method  of  suspending 
the  car  affects  the  tensions  in  the  material,  and  haw  necessary  it 
is  to  chooee  a  good  method  of  auspeDSian,  or  to  use  arigidkeef,  in 
order  to  diminish  the  moment  M.  The  pli&ble  shapes  have  the 
advantage  of  liKhtness,  and  can  therefore  be  used  conveniently 
for  small  air-ahipa  ;  they  permit  a  landing  to  be  made  also, 
after  the  manner  of  free  balloons,  without  sjiecial  arrangements. 
On  the  other  hand,  they  are  of  little  use  for  big  velooitiea 
or    large    air  •  ships ;     the    material   would    require    to    be 
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veiy .  heavy,  the  constructioii  would   be   difficalt,  and  the 

maiQtenania  of  longitudiDal  atability  very  u. '■•'-■ 

For  laKje  air-ahipe  a  rigid 
form,  stained  by  cnss  stajs      sar*^. 
(new  German  school],  ia  not 
only  more  conTenient,    but 
ia,  in   fact,   a  cOTuiitio  tine 

S/t  mm.  It  rendeis  safer 
0  rigid  connection  of  every 
part,  aiuuming  that  it  has 
the  requisite  etreni^,  and 
simpliQes  the  introdactioD  of 
immovable  celt  -systems, 
which  ia  of  fundamental  im- 
portance for  the  maintenance 
of  longitudinal  stability. 
The  pro[)eller  also  can  be  at-  mmL. 

taohed  directly  to  the  body  * 


of    the    baOoon.      A   more  F»^  181.— Eramirte of  HiapreMtTatlo 
velope    of    the    gas-balloon     tiro  lulvei  of  tbe  balloon. 


certain  protection  of  the  en-     iU'tSSl^S; 


'hen  tba  IomI  li  divided  betwa 


^  e  pressure  of  the 

wind,  radiation  of  the  sun,  and  inBuences  of  the  weather,  by 
means  of  an  outer  protecting  envelope,  can  be  easOy  made. 

Laatlj,  such  an  air-ahip  can  be  oombined  with  aviatic  means 
of  hisht  (kite  surfacea],  nving  thus  a  natural  tianaformation  to 
purely  aerodynamic  air-^ip  voyaging  in  which,  in  the  eyee  of 
many  aeronauts,  the  hope  of  the  future  lies. 

The  points  are  uaually  shaped  aa  spherical  cones.  The  re- 
aiatance  offered  by  the  air  depends  on  the  shape  of  the  pointed 
end.  The  reduction  of  the  air  resistance  haa  been  compared 
to  that  offered  by  a  plane  surface  moved  against  the  air^  and 
several  coefficients  found,  which  have  been  derived  ^m  em- 
pirical trials  {ef.  Chapter  XIII.). 

g  g.  THE  BTABILITT. 

The  maintenance  of  stability  iu  long  air-ships  in  a  horizontal 
positioD  in  the  air  is  one  of  the  most  difficult  problems  for  the 


Movemente  of  the  longitndinaJ  aria  tpitehiug)  are  unavoidable. 
They  arise  from  irregularities  in  the  direction  of  the  reaistsnce 
owing  to  the  changing  wind,  to  ascending  and  descending  air- 
currents,  from  the  irregular  period  of  the  motor,  from  unequal 
loss  of  gas  in  different  cells  and  the  compensation  which  mnet 
be  mode  by  throning  out  ballast,  and,  lastly,  from  n 
of  weights  longitudinally. 
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H&vine  regttnl  to  these  different  aoaroaa  of  diBtnrbunee,  the 
centre  of  gravity  of  the  whole  B;9t«m  ahoold  lie  u  low  u 
pouible  beneatli  the  centre  of  reaistance  It  is  also  adTuitageona 
to  have  the  point  of  application  of  the  dririnK  propeller  u 
nearlj  aa  possible  at  the  height  of  the  centre  of  reoistance,  in 
order  to  prevent  any  turning  moment  between  driving  force  and 


In  the  distribntion  of  weight  along  the  axis,  account  mnst  be 
taken  of  the  distribution  of  the  lifting  forces.  The  load  is  made 
up  of  the  independent  weight  and  the  nseful  load  together. 
While  the  independent  weight  lies  immovable,  the  usefol 
weight  may  be  altered  and  moved  about.  With  a  rigid  frame- 
work, theee  alterations  do  not  matter  if  only  both  halves  of  the 
lengUi  are  kept  in  equilibrium.  For  movementa  to  one  side, 
equilibrium  may  be  conveniently  maintained  by  a  movable 
wewht  or  by  a  horizontal  rudder  (kite  surface). 

The  safety  of  the  cooatructioQ  makes  some  calcnlations  on  the 
time  of  awing,  and  angle  of  tilt 
A  of   the    axis   for    movement   of 

weight,  necessary. 

1.  Calcniation  of  the  time  of 
..^  swing    and    the     angle    of    tilt 
(Finsterwalder). 

Two  systems  of  forces  act  on  the 
liT'ship — the  weight  of  each  por- 
tion with  the  point  of  application 
of  the  resultant  at  the  centre  of 

C"       vity,   S    (fig.    IS2),   and   the 
lyancy  whose  resultant  pasaea 
through  the  centre  of  gravity,  M,  of  the  gas. 

For  stable  equilibnum,  M  must  lie  nigher  than  S.  Let 
MS  =  a  (ni.).  The  two  principal  vibrations  of  the  air-ship, 
about  the  axis  (rolling)  and  about  a  perpendicular  to  the  axis 
(pitching),  occur  about  axes  through  the  point  H.  If  Q  is  the 
moment  of  inertia  of  the  air-ship  (when  not  filled  with  gas) 
about  the  particular  axis,  and  P  (kg. )  its  weight,  then  the  cor- 
responding time  of  swing  is : 

(16)  T  =  2ir  ^/^  seconds. 


0  kg.  (framework, 
envelope,  and  ballast)  was  situated  at  a  distance  of  6-5  m.  ftrom 
the  axis  of  the  cylinder,  on  which  the   point  M   lay,  when 
the  balloon  was  ti^tly  inflated.     Ita  share  of  Q  is 
80,(M)0x  6'B"=242,000  kg.-ra.' 
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The  remiuiider  is  8  m.  dUtanoe,  uid  pves 

*000x8'=266,000fcg.-m 


where  g  is  the  aocelsrot^ou  of  gnvit7  =  B'Sl  m.  per  seoo&d. 

For  the  pitchiDg,  the  moment  of  iaertU  of  the  gu  in  the 
cells,  aad  the  dauping  of  the  swinge  bj  the  resistance  of  the 
air,  miut  be  taken  into  account.  The  latter  ie  very  complicated 
when  the  oii-ship  is  actaallv  traTellmg. 

3,  Calculation  of  the  angle  of  tilt  (Heroeflell). 

Let  A  B  (fig.  ISS)  be  the  horizontal  and  C  D  the  rertloal  axis 


tie.  ISS^-CalDulatlon  of  the  dlt  of 


of  symmelrT  of  the  air-ship  before  the  movement  of  the  weight ; 
O,  and  Q]  the  positions  of  the  cars  at  distaDces  a  and  b  from  the 
axis  of  BymniBtry, 

S  =  oentre  of  gravity  ;  3,  =  new  position  of  centre  of  gravity 
after  moving  a  weight  p  from  the  car  Qj  to  Gp 
Let  the  co-ordinates  of  S  be 

,,  =  80,  4  =  0. 
m  be  any  Bmall  portion  of  the  air-ahip  with  the  co- 
itea  (x,  y)  with  respect  to  A  B  and  C  D ;  3  denote  a  snm 
IK  to  all  portions  of  the  air-ship  ;  then  f  and  q  are  dater- 
I  by  the  equations 


ordinatea 

relating  t^  w.  ^-u. «« 

mined  by  the  equati 


M(  =  3?ni!=0, 


M  being  the  total  weight  of  the  air-ibip. 
The  sum  may  be  divided  into  two  portaoua — the  Brat  portion 

23 
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oODBLitiiig  of  all  particln  of  the  sir-ihip  witll  the  ezcrptioii  of 
the  movable  weigbt  p ;  this  forme  the  eeoond  portion,  and  has 
the  co-ordiuatee  a  and  b. 

(  =  Xjtnx  +  ap=0. 

When  the  might  p  is  inored  &om  G,  to  Qj,  £  la  do  longer  lero 

but  =  At ;  a  becomes  -  a. 


We  get 
but  if  » 

0  rabtmot           0  =  Z,mie  +  up,  we  get 

"""S- 

The  angle  *, 

(16) 

through  which  the  air-ahip  tilts,  ia  gii 
-Leta=30m.,;>  =  76kg.,H  =  10,200kg.,D 

Then 

--I^tSI-o-'™. 

The  gM  in  the  interior  of  the  balloon  must  be  prevented  from 
Boroiug  to  and  fro.  The  beat  protection  agoinet  this  is  the 
cellBf  stem,  both  with  free  and  rigid  balloon  envetopes.  In  the 
former  caee,  where  the  balloon  must  be  kept  tight  hy  an  inner 
tmlloon,  a  disCiu-bimce  in  the  stability,  owiug  to  the  gas  flowing 
to  the  highest  point,  can  easily  occur  if  the  fans  ful  to  act 
during  the  descent,  which,  if  the  cell  ^temia  not  used,  may 
lead  to  the  bursting  of  the  balloon.  (Oiffard,  1S6S  i  SantM- 
Dumont,  1901,  1G02.) 

Horizontal  rudder  eurfacee  ore  of  great  use  in  preventiug 
disturbances  of  stability.  They  have  proved  their  value  in  the 
experiments  carried  out  by  Graf  v.  Zeppelin.  Liftiog  screws, 
requiring  power,  are  not  t    ' 


g  10.  THE  BTBENQTE  OF  THE  FBAKEWOEK. 
The  framework  is  etroiued  by  the  pitching  of  the  vessel. 
The  greatest  strain  lies  in  the  vertical  plane  of  the  longitudinal 
axis.  The  difficllltieB  arise  from  the  fact  that  the  load  (car,  ballast, 
etc)  is  concentrated  at  single  points,  while  the  buoyancy-  ia  dis- 
tributed ei|ually  along  the  whole  lenjfth  of  the  axis.  Tne  bend- 
ing moment  caused  by  this  must  be  resist«d  by  the  material  of  the 
framework.     As  great  oare  as  possible  must  therefore  be  taken 
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to  divide  the  la^d  aqiull;,  though  thg  diatributiou  ie  uowtis- 
fietorjr  sven  when  uvenl  flmall  beimDe-iiiotoTS  an  n«ed,  or  on 
alectnc  motor  mi  batteiies  of  BCcnmnlBtora  kre  emplo]r«d. 

In  tnveUing  through  the  sir.  tbeni  is  a,  horizontel  strain  duB 
to  the  action  of  the  air-Teaistuice  in  front  and  to  the  rMotion  of 
the  propeller. 

Changing  Uie  direction  of  flight  csasea  a  bending  sirain,  in  a 
horiiraital  senBe,  in  consequence  of  the  placing  of  the  radder. 

Toruoual  Btrains,  which  may  arise  if  anyone  climba  outside 
on  the  framenofk,  or  if  the  wei^ta  are  not  distributad  in  a 
rerlJcal  plane,  have  no  important  Bigaificance. 

Fioallj,  we  muet  allovr  for  the  strain  when  the  air-ehip  atrikea 
water  or  land.  Thia  depends  Bsaenlially  on  the  velocity  of 
deaoent,  on  the  weight  earned,  and  on  the  angle  at  wfaieh  impact 
ia  mado.     It  is  impaaul)le  to  compnte. 

The  construction  follows  from  the  theory  of  atractoteg.  Ilie 
moment  of  inertia,  and  the  resisting  moment  of  the  profile,  must 
first  be  determined. 

%n.  STEEBISQ. 

The  radder  must  be  mode  of  rigid  Buifaces  ;  free  sails  must 
not  be  used.  Wooden  or  light  metal  framewoAa  have  proved 
very  suitable,  covered  with  balloon  shirting.  The  rudder 
must  be  rigidly  fastened  to  the  body  of  the  balloon  on  firm 
^Tots ;  it  must  be  eosil;  ouinsged  by  ropes  from  the  car. 
lUanlta  showing  the  best  size  and  arrangement  of  rudder  are  at 
present  vanting. 

1 12.  THE  OAE. 

When  imstifTened  envelo|>es  are  used,  a  long  car  serves  to 
ttlfien  the  whole  and  to  disb^bute  the  weight  on  the  envelope. 
It  ia  fastened  as  firmly  as  possible  to  the  body  of  the  balloon 
either  by  a  tube  or  lattice-work  frame,  or  by  a  rope  suaprasion. 
The  car  is  made  of  bamboo,  wood,  light  metals,  balloon  shirting, 
steel  and  copper  wire. 

In  rigid  air-ships  with  a  metal  framework  the  cars  have 
hitherto  been  made  of  alomintum  alloys  and  nickel  Bteel, 
and  have  proved  excellently  adapted  for  flie  purpose,  especially 
for  landing  on  wal«r. 

C— TRAVELLING  BY  AIR-SBIP. 
S  1.  inSOONOEFTIOire  KEGAXDIHCt  Am-SHIPB. 
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A  b^oou  floatitig  in  Quifonnlj  moving  air  floats  aloBg  in  it, 
uid  the  paasengers  feel  no  trace  of  wind  na  long  aa  tMs  is  tlte 
CMC.  The  wind  ia  fint  felt  if,  by  aeroetatical  means  (throwing 
oat  ballast,  aUowiog  gas  to  escape),  the  balloon  is  caused  to  ria» 
or  fall,  or  if  a  honzonial  movement  of  the  balloon  is  brought 
aboat  by  dTtuunical  means. 

In  actoal  travelling,  it  is  thus  obvious  that  the  direction  of  the 
urind  is  quite  a  aecondary  qneetioti.  The  resistance  of  the  sir 
will  only  be  noticeable  by  the  aeronaut  on  that  side  which  ia 
moving  ssainat  the  snironnding  air,  quite  independently  of  tlie 
direction  in  which  this  air  may  be  moving  with  respect  to  the 
earth — at  all  events,  as  long  aa  it  is  uniform  within  the  dimen- 
uons  of  the  air-ship. 

The  aeronaut  has  only  to  encounter  a  wind  pre«8tue  trota  the 
foie,  under  all  circumstances,  as  long  as  he  travels  with  the 
point  of  the  air-ship  forwards. 

S  2.  TKAVELUNQ  TO  A  FIXED  PLAOE. 

The  route  with  respect  to  the  earth  must  be  calculated, 
allowing  for  the  deviation  in  the  path  due  to  the  wind  ;  whether 
or  no  an  air-ship  will  be  able  to  reach  a  flied  distant  place  or 
not  depends  essentially  on  the  relation  of  its  independent 
velocity  to  the  velocity  of  the  wind,  and  on  the  length  of  time 
which  the  sii-ship  motor  will  n~  ~ 

In  a  <--'--    -"  ---■-■ 

action  o:  ^       ,  ,  , 

we  must  distinguish  between  the  following  three  cases  which 
determine  the  region  which  the  air-dup  can  cover. 

1.  The  independent  Telocity  is  less  than  the  velocity  of  the 

2.  The  indepeudent  velocity  is  equal  to  that  of  the  wind. 

S.  The  independent  velocity  is  greater  than  the  velocity  of 
the  wind. 


Let  CB =11  =  independent  velocity  of  the  air-ehip  in  metres  per 
second  ;  A  B  =  u=  velocity  of  the  wind  in  the  same  units  i  A= 
starting-point  (fig.  134). 

Imagine  the  air-ship  working  dead  against  the  ¥rind,  then  it 
will  be  driven  bock  a  distanoe=v  -  te  every  second.  If,  on  the 
oontraiy,  it  travels  with  the  wind,  it  moves  v  +  te  metres  every 
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According  as  it  is  directed  a 


r  with  the  wind  it  will 


In  order  to  isach  the  points  C" 
line  ai  of  the  ftir-ehip  must  I 
C"  B  A  to  A  B  respectively. 

From  this  it  follows  that 


kept  at  an  angle  (TB  A  or 
in  atroDger  winds  than  the 


independent  velocity  of  the  air'ship  points  lying  within  the 
angle  DAE  can  be  reached  from  the  point  A.  DAE  ma;  be 
called  the  aTigle  of  acHan  of  the  sir-ship  with  tjie  wind  w.  The 
snrface  Which  is  commanded  in  this  angle  dnring  the  voyue 
may  be  called  the  aeclor  of  action :  its  area  denands  on  the 
length  of  time  which  the  motors  of  the  air-ship  will  ran. 


If  n=io  =  AB,  then  the  ait-ship  commands  an  angle  of  180*. 
Its  velocity,  with  respect  to  the  earth,  may  lie  between  0 
and  v  +  V!  metres  per  second.  If  tba  air-shin  is  at  A  and  is 
worked  against  the  wind  ( w  =  AB),  then  it  may  be  driven  towards 
either  D  or  E,  according  to  the  direction  of  the  ladder  (Gg.  ISE). 

If  It  is  desired  to  reach  the  point  C,  it  must  direct  its  course 
at  full  speed  towards  C  from  A  by  B. 

In  order  to  reach  the  point  C  it  mnst  direct  ita  course  so  as 
to  make  on  angle  A  B  (T  with  the  direction  of  the  wind.     If  the 
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all  points  attainable  in  the  second  hoar.  Wecon  therafontnTtl 
from  C  outward  towftrfs  0™  by  koBping  the  keel  line  ponllel 
toBC. 


§  e.  THB  DTDEPBNDEHT  TELOOITT  IS  OEEATEB 

THAN  THE  Wnn)  TELOOITX. 

When  v>ie,  the  air-ship  commands  a  field  of  SSO'  afld  ci 


reach  any  dsaired  point.     If  A  {Rg.  ISO)  ia  tb«  BtorUug' point, 
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B  0  tlia  path  that  it  troold  oovsr  in  an  boui  by  nsaiu  of  ita  own 
velooitj,  A  B  tba  distance  covered  bj  the  wind  in  the  same  time, 
tbeu  tbe  circle  with  B  C  as  radius  described  about  B  includes  the 
geometrical  position  of  all  places  which  can  be  attained  b;  the 
alr-ahip  in  the  first  hour.  Its  velocity  varies  between  v-ie  and 
v  +  umetres  pec  second. 


g  8.  ABEONAUnOAL  SAVIOATIOM. 

A'particDlar  system  of  aeronautical  navigation  has  not  as  yst 
been  put  into  practice,  as  none  of  the  oir-shipa  hitherto  built 
have  gone  beyond  the  trial  Btagea.  We  can  tierefore,  in  what 
follows,  only  eive  a  R^neral  idea  of  the  manner  in  which  the 
navigation  of  the  air-snip  must  be  developed,  the  navigation  not 
being  essentially  diOereat  from  that  of  sea-going  shipa.  Charts, 
a  compass,  and  ao  air  log  are,  of  course,  necessary  for  tbe 
;rapbical  navigation  ;  also  a  plamb-line,   as  long  ■"  "■  - 


geogn 


visible;  while  a  chronometer,  aeitant,  and  azuanth 
ipaae  must  be  used  as  soon  as  the  aii-ship  is  well  above  the 
Dionos,  and  at  night  for  astronomical  navigatiotj. 

A.—aEOORAFHICAL  NAVIGATION. 
From  §§  S-G   it  follows  that  in  the  firat  place  we   moit 
determine  the  angle  which  the  keel  line  of  the  air-ahjp  mnit 
make  with    the  point  aimed    at. 
In  the  voyage  this  angle,   deter-  <t- 

mined  with  respect  to  the  directioa  —^  — 

of  the  wind,  must  be  used  in  con- 
nection with  the  compass  needle. 
If  we  join  the  starting-point  A 
with  the  point  aimed  for,  0  on  the 
chart,  we  determine  by  the  angle 
;3  the  position  of  the  keel  line. 
In  triangle  A  B  C  we  know  A  B=ir, 
B  C=e,  and  angle  UAB  =  a  (fig. 
137).     Whence  we  obtain 


Now,  since  the  angle  which  the 
line  AC  makes  with  the  compass 
needle  is  known,  we  know  also  the  ukukmluui. 

angle  which  the  course  of  the  air- 
ahhi  most  make  with  the  needle  in  order  to  attain  the  pcont  C. 

The  relative   velocity  of  the  ait-ahip  with  reepeot  to  the 
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uTth'a  8urf»oe  may  b«  pt»ctically  deteimined  by  viewing  two 
points  at  a  known  dialance  apart  oo  the  earth's  aurfsc«,  which 
lis  in  the  course,  and  detOTmining  the  time  taken  to  poaa 
between  them  by  ni6«n»  of  a  chronometer  or  by  a  method  dne 
to  Renard  ueing  an  air-log. 

The  latter  coneiats  of  a  small  gald'beater'a  skin  balloon, 
SO  cm.  in  diameter,  filled  with  hydrogen,  which  is  attached 
to  a  silk  thread  100  m.  Ion;;  on  a  reel.  The  oo-etScient  of 
frictian  (J;)  of  tbisaii-lof;  must  he  determined  beforehand.  The 
relative  velocity  (i/)  may  be  obt«iiied  with  suHicient  accunuiy 
for  practical  purposes  if  we  determine  exactly  the  time  (0 
required  for  the  ftll  lOQ  m.  to  nnwrap.     Then 

D-slH^  +  i  (metres  per  second). 

The  relooi^  of  the  wind  may  be  found  with  tb«  tame  inetni- 
ment  if  we  allow  the  log  to  pay  ont  from  s  fixed  point  or  from 
a  captive  air-ship.  It  is  equally  easy  to  derive  the  abaolutt 
(i.«.  independent)  velocity  (v)  of  the  air-ship  after  the  valaes  of 
v'  and  w  ID  the  direction  of  the  wind  have  been  determined. 

If  we  hiive  found  these  valaea  we  can  find  tbe  angle  0  from 
the  above  equation,  and  so  determine  the  course  which  must  be 
made  with  respect  to  the  compass. 

On  account  of  the  frequent  alterations  in  tbe  strength  and 
direction  of  the  wind  in  the  region  traversed  by  the  air-ihip,  it 
is  necessary  to  keep  ever  on  tbe  alert,  and  to  constantly  r^iiuate 
the  direction  of  the  keel  line. 

B.— ASTRONOMICAL  NAVIQATION. 

If  the  earth  is  completely  hidden  from  view  by  clouds,  or  if 

in  a  night  voyage  the  illumination   due   to  the  moon  is  not 

Sjwerfiil  enough  to  enable  the  course  of  the  air-ship  to  be 
etermined  geographically,  it  may  be  found  by  the  altitades  of 
stars  (sun,  moon,  planets,  and  fixed  stars)  with  the  aid  of  a 
chronometer,   provided,   of  course,   that  at  least  one   star  is 

The  determinatioos  are  carried  oat  in  a  similar  manner  to 
thoae  made  on  boaid  a  abip,  with  thia  difference — an  artificial 
hoiiion  must  be  used  in  the  caae  of  an  air-ship,  since  the  natural 
horizon  of  the  aeronaut  is  usually  misty  and  indistinct. 

Bsrt8chvonSigsfeld(Z  /.  L.,  1898.  p.  G)  gives  a  description 
of  an  artificial  horizon  used  by  him,  which  consisla  essentiallv 
of  a  8us[iended  silvered  plane  mirror,  the  vibrations  of  which 
are  damped  by  immersing  a  port  of  it  in  a  glycerine  bath. 

Two  cases  must  be  taken  into  consideration  in  oanying  out 
them ■- 


TBAVBLLIKG   BY  JIIR-8H1P 

(a)  SimoltaiiBODs  met 
more  staw  nuy  b"  , 

may  DOW  be  calculated  trigonometrically. 

{b)  Two  meaanrements  of  the  altitude  of  the  same  star  at  a 

knowD  interval  of  time  are  taken,  the  distance  traversed 

in  that  interral  being  computed  &om  the  log. 

The   tfaulieal  Almanac   givea    all    the  aecessary  data  for 

the  above  naatical  calcuIatiouB  in  tables,  which  are  drawn  up 

with  respect  to  the  meridian  of  Greenwich. 

Measnremente  of  altitudes  of  stars  under  10°  moet  be  avoided, 
for  the  refraction  in  the  lower  strata  of  air  gives  rise  to  conaidet- 
able  errors.  Uy,  Breuaing's  SteuermannskuTUlt,  newlf  rewritten 
and  published  by  Dr  C.  Schilling,  Leipzig,  1802  ;  Ltilfaden 
far  dm  UnierrifJU  in  der  Naidgation,  Beriin,  1901 ;  Dr  A. 
Marcuse,  Han^tuih  der  geographiichen  OrttbtaHjrnnving,  pp.  327 
<(*ej.,  Brannaehweig.  1906.) 

C.~AEROSTATICAL  NAVIGATION. 
The  maintenance  of  the  air-ship  in  aeroataticBl  equUibrinm 
requires  »>ecial  precantions,  of  which  the  laws  laid  down  in 
Chapter  VI.  form  the  basis.  The  especial  difEculties  in  the 
case  of  an  aii.ship  are  due  to  the  fact  that  the  different  divieiona 
of  the  balloon  lose  fi;as  at  an  unequal  rat«,  and  to  the  fact  that 
the  ballast  is  diatributed  over  the  whole  length  of  the  veaael, 
and  must  be  used  as  required  to  maintain  the  stability  of  the 

In  nnstiO'ened  air-shipe  the  small  ai 
taut  all  the  time.  Further  aids  are 
tbe  movable  weit;ht,  and  the 
gaa-Tnlves.  The  aeroatotical 
navigation  is  governed  by  the 
barometer  and  by  a  not  too 
sensitive  spirit-level,  which  must 
be  placed  exactly  in  the  keel 
line  of  the  air-ship. 

In  Oraf  von   Zeppelin's  air- 
ship, which  was  furnished  with 
four  valves  and  fourteen  ballast-  n; 
hoIdeiB  each  to  contain  60  kg.,  ^ 

the  aerostatical  navigation  was  no.  193.— AiTai«emant  ot  btllart 
mode  easier  in  a  convenient  .'"^  ^  '",P"  '"  «™'  '■  ^ePP" 
maimer  (as  sbown  by  tbe  accom- 
panying figure ;  fig.  138)  during  the  trials,  by  having  all  driv- 
ing arrangements  and  valves  controlled  from  one  switch-board. 
The  figures  on  the  boards  show  on  the  right  the  valve-linea  1.  to 
V.  ;  on  the  left,  the  ballaat  sack-linos  nimibered  according  to 
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Oia  oells  to  whioli  tlia  Mcka  belong.  AlK>va  then  ii  »  pltn  of 
the  oif'ship  cells  in  which  the  ballast  sacks  Bra  denoted  b; 
crossea  and  the  yalves  by  Roman  DomeraU. 


S  7.  LANVma  WITH  AHUBHIFS. 

A  ufa  Isndine  is  poBaible  only  on  wster  unlesa  special  •muge- 
menta  (air-ahip  uarbouTB)  and  petaoual  aaalBtsnoe  to  hold  down 
the  oiT-ahip  are  available.  Since  with  rigid  air-abipa  evan  a  alight 
bamp  on  tbe  earth  may  do  dtuooge,  it  is  obTionsIy  maoh  safer  to 
land  on  water.  In  practice  it  ia  never  possible,  even  by  working 
the  motor  against  the  wind,  to  avoid  a  certain  amoniit  of  bump- 
ing, aince  the  aeroataticol  equilibrium  is  not  easily  judged  and 
allowed  for,  eepecially  in  strong  winds.  On  this  account  t^e 
ufer  water  landing  is  always  preferable. 

An  air-ship  ean  be  anchored  more  easily  with  the  point 
against  the  wind  on  water.  It  is  quite  impossible  to  anchor  on 
land  when  assistance  is  not  forthcoming  to  hold  down  the  air. 
ship.  On  water  also  the  air-ship  will  give  a  tittle  to  side  winds 
and  to  alterations  in  the  direction  of  the  wind,  without  over- 
turning.  Od  land,  this  danger  ia  not  excluded  even  with  rigid 
air.ships.  Of  course  a  water-tight  and  aea-wortby  car  ia  a 
necessary  condition  for  landing  oD  watsr. 

The  landing  requires  great  attention,  and  rapid,  decisive 
handling  and  monu^ment  on  the  part  of  the  aeronaut  As 
soon  aa  the  posdbility  of  air-ship  travelling  is  open  to  the 
general  public,  special  charts  will  be  produce)^  which  will  gjre 
particalarB  of  natural  air-ship  harbonra  in  different  wind^  and 
also  of  any  artificially  buOt  harboura.  It  would  be  highly 
dangeroua  to  undertake  air.voyaging  without  such  stationa 
against  storms  and  weather,  and  for  renewing  supplies  of  gas, 
driving  material,  and  ballast 


n,  Google 


CHAPTEB  XUI. 

OK  FLYING  HACHHTES. 

Bi  Major  HERMANN  H0EBNE3, 

gi.  nrrsoDircTOEr. 

CouFAitATivBLT  little  woik  has  been  done  in  investigating  the 
dynamics  of  fliglit  The  theory  of  the  resistanoe  of  the  air  has 
received  much  more  attention,  thongh  here  also  are  nmny  points 
yet  to  bo  investigated. 

In  articles  published  httherhi  on  the  dynamics  of  digbt  very 
few  problems  have  been  thoroughly  worked  oat  by  practical 
men ;  on  these  grounde,  therefore,  the  following  compilatiDn 
must  necessanlj  appear  incomplete. 

9  2.  NOTATION  SMTLOYSD. 
No  definite  syatom  of  nottttion  has,  up  to  the  present  time, 
been  adopted  for  use  in  aeronaatica,  and,  as  in  most  mathe- 
matical and  twhnical  worba,  the  same  quantities  are  ftequenUy 
denoted  by  different  letters  by  diSerent  authors,  oausins  much 
unnecessary  annoyance  and  trouble.  In  tfaia  and  the  fallowing 
chapters  we  shall  use  the  following  notation : — 

1.  Aebo-Teohnice. 

1.  F  =  the  area  of  an  aeroplane  surface  in  square  metres. 

2.  a  =  the  angle  mode  by  the  surface  with  the  direction  of 

flight. 

5.  0  =  the  angle  made  by  the  direction  of  flight  with  the 

horizon. 
4.    Y  =  tbe  angle  made  by  the  surface  with  the  direction  of 
the  propelling  force. 

6.  t=the  angle  made  by  the  direction,  of  the  propelling 

force  with  the  horixon. 
We  have  then : 

.  +  fl  =  T  +  B. 

»«'  ..Goode 
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fl.    ii  =  t,  pnrticalar  coeCSolBnt  for  ■□  arched  (oonoave)  surface. 

7.  C— A  particular  ooefficieat  for  a  raised  (couTei)  surface. 

8.  K'^the  head  resistance  measured  in  kilopBras  on  a  plans 

surface  moved  perpendiculorlj  aKainst  the  air. 

9.  R=the  head  resistance  measured  in  kilograms  oa  a  plane 

HUrfiiCB  moved  obliquely  against  the  air. 
The  corresponding  horizontal  and  vertical  components  are 
indicated  by  the  suffixes  x  and  y,  and  are  ; 
10.  B,,  &t,  F,,  Fv. 

2.  EtAflTicirr. 


BB  BectioDol  area. 


1 .  S  =  thickness. 

2.  if— diameter. 

8.  I  —  geometrical  moment  of  inertia  of  a 

i.  M  =  bending  or  torsional  moment. 

3.  Vblooities. 

1.  (>  =  the  velocity  of  an  air-ship  in  still  air,  or  of  a  sorfooe 

relativelj  to  the  air. 

2.  u-  velocity  of  the  wind  relatively  to  the  earth. 

S,     f  =  velocity  of  the  air-ahip  with  respsct  to  a  filed  point 
on  the  surface  of  the  earth. 

4.  WaioHrs,  pBEsaDBEs,  and  Fobcbs. 


Q  =  weight  of  apparatus. 

G  =  buoyancy,  lifting  power,  « 

T  =  lift  of  a  flying  machine  =  C 


i.  Mechanics. 

kilograms  per  second. 


1.  E  =  efiectual  power 

2.  A  (A.,  A,)  =  work. 

3.  N  =  efi'ectaal  power  in  KP. 

4.  )j=efBoiency. 

5.  n  =  number  of  revolntiong  per  minute. 

8.   Phvbicb. 

2.  f  =  time  in  seconds. 

3.  »=length  of  path  in  metres. 

4.  9=scceieration  ofgravity  =  (l  81  m.  pe^  eec.  per  uo. 
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7— weight  of  1  cubic  metre  of  air. 

(g  =  temperature  of  0°  C. 

io  =  pre8Bure  of  7flO  mm.  mercury  at  0°  C. 

p  —  presaiite  of  x  atmoapherea. 


We  shall  assume  that,  within  the  limits  of  speed  attainable  by 
serooauls — say  up  to  50  m.  per  sec — the  head  reaiatanoe  offered 
to  the  air  is  the  same  whether  a  surface  is  moving  forward 
with  a  velocity  v  in  the  still  air,  or  is  imagiaed  anchored  fast 
and  met  by  air  moving  uniformly  with  the  same  velocity- 
Experimental  determinations  of  the  magnitude  of  the  reeiat- 
ance  should  be  made  in  still  air,  i.e.  in  a  large  enclosed  space. 
In  experimenting  in  the  open  air,  the  uncertainty  aa  to  the  in* 
fluenoe  of  wind  and  weather  detracta  from  the  value  of  any 
reaults.  The  wind  is  always  irregular,  both  in  direction  and 
strength.  So  many  possible  aonrcea  of  error  arise  in  experi- 
ments in  open  air,  that  we  consider  it  unnecessary  to  deal  further 
with  these,  but  shall  confine  our  attention  to  those  made  under 
more  suitable  conditions. 


1,"  Technisehe  Blatter,  vol. 
26  ;  also  M.  S.  P.  Langley,  Expiriences  cC Airodyaamiqve  ; 
Pbilllpa  and  Maxim,  in  the  twenl^-third  R/porl  of  the  Aaro- 
nauiiiai  Sociay  of  Oreal  Britain,  and  B.  d.  I'A.,  189*2  ;  experi- 
ments made  by  Cailletet  and  Collardeau  on  the  Eiffel  Tower, 
B.  deVA.,  1892,  and  descnbcd  also  by  Colonel  Touche  in  1S93  ; 
also  the  experiments  of  Canovetti  and  Le  Dantec  (c/'.  /.  A.  M. , 
1901,  p.  107,  and  1802,  p.  D3).  LilienthaFa  eiperimenta  on 
arched  surfaces  belong  also  to  this  class.  See  also  Hergesell, 
"DerFlugdesRegistrierballons,"/,  A.  M.,  1897,  p.  48, 

OonditlonB  for  Batiafaatory  meaEoiemeutB  of  the  reaiat- 
anoe of  the  ail. — In  addition  to  apparatus  which  is  necessarily 
extremely  sensitive,  and  large  covered  rooms,  we  must,  in  order 
to  obtain  accurate  measureiueuta,  have  thorough  experience  in 
handling  the  apparatus,  make  frequent  repetitions  of  the  same 
experiments,  take  special  care  that  no  disturbing  iuQuencea  affect 
the  result,  and  have  diligence  and  patience,  time  and  money  at 
our  disposal. 

Bitter  Ton  Loeaal's  method. — The  apparatas  and  methods 
of  measnrement  employed  by  von  LoessI  fulfil  these  numenmB 
conditions.  He  used  (a)  rotational  apparatus,  {b)  b«hiQaiug 
apparatus. 
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For  details  coanected  with  the  fonnor  method,  see  Si/xungi- 
bericfUe  der  Fachgni/ppe  far  Flngteehnik  da  BaUrreichen  Jn- 
gmUuT  und  ArchitdcUn-KereiTu,  1881  »nd  1882,  and  his  chief 
work,  DU  LufiwiderwlandigetetK,  der  Fall  dvrA  die  Lufl  VMd 
der  Voge\/lug,  Vienna,  1890. 

For  details  in  comiection  with  the  balance  method  consult 
article  on  "  Ein  ueues  ezperimentellea  Verfahren  mr  Ueosnnf 
von  LuftwideittBiDdm,"  in  the  ZeUiAr^  da  Sderreiehen  In- 
gtnitar  vnd  ATchUeklen-Vereiiia,  1864. 


Befsrences : — Newton,  Euler,  Borda,  Hutton,  Tince,  D^' 
KuUliBn,  etc  Foncelet,  Introduction  ;  Dnchemiu  tmd  Tbibault, 
Secherehta  expirimentaXa  ;  Weiaabach,  Lehrbiuh  der  tJieore- 
HKhen  Msduinik,  p.  1181  ;  Hiitte,  18th  Editaon  1.,  p.  281 ; 
TOD  Loessl,  SlndU  Hher  aerodynamitcKe  OmndfonMln  an  dtr 
Hand  voa  EjjierimcnUn,  Vienna,  1881,  and  Die  Lu/ttinder- 
tiandageselie,  rfer  Fall  duriA  die  I/aft  tind  der  Vogeljlug, 
Vienna,  1896  ;  von  LoesBl,  "  Der  aerodjnamiBohe  Schwebeju- 
stand  einer  diinnen  Platte  und  deren  Sinkverminderung,''  in 
the  ZeiUchri/t  des  iisferreitAan  /njwieur  und  ATchiUkttn- 
Vereins,  18B8  and  1899  ;  Langlcj,  Exptrieneee  d^Airodyaa- 
Taiqae,  also  Bevae  de  rAeronautique,  1S91  ;  Wellner,  Versuclu 
iSxr  den  LvftioiderOand  gewiilbter  Fldchen  im  Winde  und 
at(f  Eiieniahnen,  18S3;  Hoemes,  "  Beaprechung  der  Well- 
neracheu  LuftwiderHtandsTersuche,"  Technitche  Bliuier,  vol.  2B, 
Prague,  189B  ;  Wuich,  Lelwlmtk  der  dusseren  Balliatik ; 
Hoernes,  "  Das  Loesalsohe  Luftwiderstandsgesetz  und  Mine 
Auwendnng  In  der  Flutttechnik,"  special  number  of  the  Tech' 
nisehe  Blatter,  1900. 

1.  General  oongidentiong.— When  moving  air  strike* 
agkinat  any  bod;  its  kinetic  enerer  diminishee,  like  that  of 
svory  other  moving  body  which  stnkeB  a  atationary  one,  He 
force  exerted  by  the  moving  air  is  proportional  to  the  product 
of  its  mass  into  the  square  of  its  velocity. 

Z.  Ifewton's  lawa  of  the  realstMiee  of  all. — If  the  velooi^ 
of  a  body  at  a  time  t  and  during  an  infinitely  small  period  at 
is  equal  to  v,  and  if  it  displaces  a  mass  of  air  m  daring  this 
time,  it  overcomes  the  resistance  of  the  air  by  imparting  to  it 
ita  own  velocity  v.    The  correaponding  foroe  is  ^,  or,  if  we 

denote  the  path  traverted  in  the  time  dt  by  ds,  then  v=  —  and 
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The  lOfts*  m  ia,  however,  proportioiial  to  the 


neeea8»ty  tooTercome  theabove  rasiBtance=/tl  TV  I  orjiti'. 

The  efTect  o[  the  resistance  of  the  air  ts  the  same  as  ir  the 
bodj  were  acted  upon  by  an  opposing  force  varying  as  the 
square  of  the  yalooity.  It  follows,  therefore,  that  the  diminution 
in  velocity  in  any  second  is  proportional  to  the  square  root  of  the 
actual  vdocitj.  >i  is  a  ooefficient  depending  on  the  shape  of 
the  body. 

3  Bitter  von  Loeul's  l«w  of  the  Teaistauce  of  the  air.— 
von  Loeasl  has  propounded  the  following  laws  relating  to  the 
leeistauce  of  the  air,  based  on  unmeroas  actual  experiments. 

For  velocities  lanf^ing  between  0  and  50  ra.  pel  sec.,  the  head 
Tesiatance  opposing  a  iiurlace  moved  perpendicnlarly  against  an 
unlimited  air  medium,  or  met  perpendicularly  by  uniformly 
moving  air,  is  given  by  : — 

R'-^  F.i.« (1) 

9 
The   presaure    on   a   lurface   moved   obliquely   against   the 
unlimited    air    medium,   or    struck    obliquely   by    unifonnly 
moving  air,  is 


which  may  be  resolved  into  the  two  components 


E,=^  Fr'ain'.  ....(*) 

Th*M  fonr  fondamental  formnlM,  whioh  hold  with  tha 
highest  degree  of  accoracy,  even  for  quite  small  onglea,  have 
been  deduced  from  the  results  of  very  exact  ex|ieriment8 
carried  out  by  Froidrioh  Ritter  von  Loeasl.  The  experiments 
showed  that  imalt  and  large  Bojfaces  eiperieoced  resiBtancea 
simply  proportional  to  their  aiies. 

"  Since  in  these  experiments  surfaces  varying  in  area  from 
00017  up  to  2  aq.  m.  wsre  used,  i.t.  a  variation  of  some 
thousandfold  in  size,  and  driving  weights  of  from  CO  pn.  to 
80,000  gm,  I.e.  a  variation  of  sii-bnndredfidd,  in  oombinatiei] 
with  inclinations  of  frccn  S0°  to  1°,  the  amallnrt  analytical  or 
other  error  in  the  derivation  of  the  fonnnUs  mnac  have  led  to 
marked  differences,  qoite  changing  the  cbaMcter  of  the  reanlts. 
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Hence  the  eqoationB  derived  above  must  represent  the  ooireot 
reUtions  between  F,  v,  a,  7,  and  g." 

4.  van  LoessI  arrived  at  the  some  lesiilt  by  analytic*! 
methods.     His  method  of  deducing  it  woe  oe  follows  : — 

If  a  Borface  moves  forward  with  a  uniform  velocity  v,  it  dis- 

iilaces  per  second  a  mesa  of  air  Tv=q,  and  since  thia  air  must  be 
arced  out  sideways,  an  equal  quantity  of  air  is  displaced  at  the 
■ides.     The  total  weight  of  air  set  in  motion  is  therefore 
Q=q  +  j=2ySv. 
The  energy  neotsaory  ia 


GC. 


JlFA 


Since,  however,  L= 


6,  E  represents  the  normal  pressure  acting  on  the  surface, 
and  acts,  a  priori,  perpendicularly  to  the  surface  if  it  be  pUne. 
In  the  case  of  an  arched  turtoce  Lilientliml  fannd  that  the 
components  are  bent  more  forward  the  smaller  the  angle  b  (see 
Dtr  Vogiifiug,  p.  63,  ef.  also  Chap,  IX.  g  2).  von  Loesel  has 
not  expressed  a  definite  opinion  on  this  poinl.  Popper,  in  his 
"  Flugteohnische  Studien,^'  in  the  ZeiUchr^tfUr  L\Mteh.iffahrt, 
1896,  p.  201,  and  Jarolimek  ("  tiber  daa  Problem  dynamiacher 
Flugmoschinen, "  in  the  Ztilichrifl  dea  oalerreichen  Ingeniettr 
und  ArMUHen  Fereina,  1893},  doubt  the  correctness  of 
Lillenth^'s  analysis,  while  Welliter  and  others  deem  it 
correct. 

Inconoectioawith  the  proportionality  of  the  resistance  to  the 
area,  Broda,  Euttun,  and  ThibaiUt  found  from  their  researchea 
that  the  resistance  increased  with  the  absolute  size  of  the 
surface  (Poncelet,  M^.  ind.,  616  and  617],  whereas  Dines,  who 
made  his  experiments  with  seneitive  anemometers,  holds  the 
contrary  to  be  true  (v.  Fergosson,  in  the  PrtKeedingn  of  IMa 
hdamaivmai  Con/eraux  on  Aerial  Ifarigatian,  held  in  Chicajp, 
1894).  Eiperinienta,  instituted  by  Baker  on  the  Forth  Bridge, 
on  the  pressure  of  the  wind,  tended  to  confirm  Dines'  hypothesis. 


3  donbt,  however,  as  to  whether  these 


e  made  to  the  some  degree  of  accuracy  as  those  carried  out 

by  von  Loeasl,  which  also,  as  regards  the  eurfooe  proportioDality, 
have  been  confirmed  by  experiments  carried  out  by  Canovetti 
and  by  the  Abbd  Le  Dantec  (c/.  /.  A.  M.,  1901). 

6.  The  valne  of  7,  the  density  of  the  air,  depends  on  the 
height  of  the  atmospheric  layer  to  which  it  refers,  and  varies 
also  with  the  temperatnre. 
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The  deasit;  of  the  ai 
height  of  the  burometer. 
At  a  temp.  Ig  — 0°  C,  and  under 


with  the  tomperatnre  and  the 


A  correction  ought  also  to  be  applied  for  the  humidity  of 
the  air. 
7.  von  Loess]  has  computed  the   following    table    for  the 


Tampetature  in  °  C. 

i"u 

ii  - 

6 

0         +6+10      +16 

+  20 

+  25     +30° 

|i 

Valneof  2  =  -^  - 

s    

«Kn 

7.», 

7  827 

7-778 

7-824 

8-080 

8-243 

8-413 

U9 

7-686 

7-727 

7-874 

8-027 

i-186 

8-362 

8-6-25 

S4« 

7-887 

7-830 

8-134 

1-286 

S-464 

8-638 

740    7 

161 

7SHfi 

8-087 

8-244 

(-408 

8-578 

8-766 

730    7 

/^^ 

7 -897 

8-045 

8-198 

8  357 

1-6'iS 

a-R96 

8-876 

720    7 

Wi 

8-008 

8-166 

ft-an 

8-472 

»-«40 

8-816 

6-898 

UT!. 

8-118 

8-271 

8-128 

8-681 

s-7ai 

8-938 

9-r23 

3-S31 

3-838 

3-64S 

8-714 

8-888 

9  065 

9'2G8 

8  363 

8-509 

8-672 

8-840 

9 -01 5 

9-196 

8-887 

<80   8 

Zi» 

8-476 

8-834 

8-7B> 

8-971 

9-148 

••»"' 

9-624 

S.  The  shape  of  the  experimental  surfaoe  affects  the 
reustanoe,  and  the  resistance  given  by  the  formula 
Bb7  F.i^  is  indeed  the-maiimum  possible  ralae,  only  attain- 
able with  a  certain  form  of  figure. 
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This  mudmiim  holds  whea  the  direotion  of  motion  la 
jwrpendicular  to  tlie  aurlvx,  and  when  the  ed^ea  of  the  surface 
are  Tsisetl.  or  the  forward  side  of  ths  sniAce  u  concsire.  The 
•rea  F  most  therefore  be  multiplied  bj  a  factor  f,  depending  on 
the  di4H  of  the  surface  ;  C  has  the  values  f^ven  below  for  the 
particular  cases  enumerated. 

f=l  if  the  snrf&ce  is  concave,  or  if  it  is  provided  with  edges 
BO  that  the  concave  side  moves  forward. 

f=0'd3  for  a  plane  circular  surface. 

^=0'S6  ,,         square  surface. 

{-OM  „  equilateral  triangle. 

C=0'92  ,,         isoceles  right-angled  triangle. 

f  =  0  '94         , ,         right-angled  triangle  whose  sides  are  as  1 : 4. 

For  obliquely  inclined  surfaces  the  form  muat  be  taken  as 
that  projected  on  a  tilane,  perpendicular  to  the  direction  of 
motiou.  Since  the  latter  usuaUy  lakes  mors  and  more  ths 
figure  of  a  long  rectangle  as  the  inclioation  increases,   the 


inclined  at  4f>°  it  can  no  longer  be  observed  with  oertsinly. 
With  still  smaller  angles  there  is  no  trace  of  it,  and  we  may 
take  f=l. 

In  front  of  the  surface  there  will  be  a  cone  of  still  air  formed. 
Its  elopes  make  an  angle  of  45*  with  a  surface  moved  perpen- 
dicularly against  the  air.  The  air  contained  in  the  projection 
is  in  stable  equilibrinm  nnder  the  uniform  pressure  on  eveiy 
side,  and  suffers  a  corresponding  compression,  and  transfers 
finally  the  pressure  received  nniformly  to  the  surface. 

This  air  projection  was  first  discovered  b;  v.  Loessl.  C/. 
pp.  31-61  and  99-124  Luftwiderstandtgaetie. 

V.  LoeBsl's  experiments  showed,  further,  that  ths  roughness  or 
smoothness  of  the  sur&ce  does  not  influence  the  head  resistance, 
and,  OS  a  matter  of  fact,  even  depressions  and  elevations  iii  the 
snrhoe  are  without  influence  up  to  the  limit  at  which  they 
riter  the  general  form  of  the  surface. 

9.  The  friction  of  the  air  is  directly  proportional  to  the 
velocity.  Very  few  results  have  been  published  relating  to  the 
external  friction  of  the  air.  It  can,  however,  be  measured  by 
V.  Loessl'a  balance  apparatus. 

The  coefficient  of  internal  friction  of  the  air  is  constant  down 
ta  a  pressure  of  0  6  mm. 

The  values  for  the  coefBcient  of  friction  of  air,  as  found  by 
various  observers,  are  tabulated  below.  These  are  given  in 
milligrams  weight  acting  on  a  surfiice  of  1  sq.  m.  situated  at 
a  dis^nce  of  1  mm.  from  another  surface  and  moving  wifb  a 
relative  velocity  to  it  o1  1  mm.  per  sec,  the  tempemture 
being  IB"  C. 
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The  value  is,  ftcoording  to  t.  Otwrniavei,  .       .    0*00000177 

Maxwell,    .  .     0-00000203 

0.  E.  MB;er,  .     0-00000193 

Pului,       .  .    ooooooisa 

Kundt  and  Waiburg,      O-OOOOOISI 

The  fact  that  masses  of  air  ate  moved  as  though  attached  to  the 

bodj,  the  influeDce  of  which  is  especially  marked  in  irregular 

movements — t.g.  pendoJum  motioD — was  discovered  bj  dn  Bust., 

In  the  case  of  a  sphere  tha  volume  of  the  attached  air  is  equal 

to  O'S  times  the  volume  of  the  sphere  ;  in  the  ease  of  a  prismatic 

bod;  moved  in  the  direction  of  the  axis,  the  ratio  of  these 

volnmeaia0-13  +  0'706^.    See  Bessel,  Sabine,  Baily,  etc. 

10.  CoDcave  obliquelv-placed  surfaces  offer  a  head  lesistsuee 
greater  than  that  of^a  plane  surface. 

Its   magnitude    varies  with   Uie    form  of   the  surfJMe,   its 
"  arching    and  inclination,  ajid  is  therefore  not  a  constant,  but 
must  be  determined  separately  for  each  form  and  inclination. 
In  general  the  following  relations  hold  : — 

R'^  =  ^X.Fif> (8) 

S 
R^=pZ.Tifana (7) 

R^=^1.Fifain'a (8) 

9 
R„„=^T.  Fn^sinacosi.  .  .      (9) 

9 
when  the  coel£cient  fi  is  greater  than  1. 

For  convex  surfaces  similar  formulse  hold,  with  the  difference 
that  the  coeffloient  i)  is  lees  than  1.  This  coefficient  also 
depends  on  the  form  of  the  convex  surface,  its  inclination,  and 
perhaps  also  its  speed. 

In  order  to  use  the  formula  0-9  for  convex  surfaces,  q  must 
be  used  instead  of  /t. 

A  keel  turned  with  its  edge  against  the  air  behaves  as  if  its 
side  surfaces  were  moved  with  the  same  inclinations  singly 
against  the  air. 

The  laws  of  the  resistance  of  the  air  found  b;  von  Loessl  have 
been  taken  by  most  oeroQauts  as  the  basis  of  their  calcalationB, 
ap  to  velocihes  of  60  m.  per  sec. 
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nnd  mit  dem  Segelrad,"  in  the  Teehmtdu  Bl&tter,  vcd.  uri., 
18SG),  Hoeroeg  i>oiuts  out  the  great  variet;  of  formnlte  applicable 
for  cwcnlating  air  reaiBtaaoes. 

In  the  most  general  form  ths  Ian  for  a  surface  moved 
normally  may  be  written  B  —  £Fii'. 

The  deDsity  or  the  air  eaters  into  the  factor  i,  which  cannot, 
therefore,  possess  a  constant  value.  NotwithBtanding  this  it  has 
b«en  much  experimented  upon. 

Tip  to  the  present  time  the  following  namericsl  values  have 
been  obtained  b;  different  ezperimentets  for  the  valne  of  C 
ndnoed  to  16*  0.  and  a  preaanrs  of  7B3'8  mm. : — 


Observer. 

c 

How  obtained. 

Where  published. 

LordRayleigh, 

0-065 

From  theoreti- 

"On the  Resistance  of 

cal  considera- 

Fluids,  "PM.J%., 

tiona. 

1879. 

Uorin,  .     .     . 

0'082 

circle. 

Piobert,      .     . 

0-082 

Didion  .     .     . 

0-083 

Smeaton,   .    . 

0-122 

From  &e  fric- 

Hagen,  .     .     . 

0-071 

tion   on   the 

plates. 

edges. 

Iteoknagel,      . 

0-070 

Movement  in  a 

circle. 

stand,"     ZeOachri/t 
d.  Vereiiu  deuticher 

M.^,.    ^{ 

0'12G 

0-J3 

}    ■■ 

Goupil,.     .     . 

0'12B 

1884. 
Die  LMftmderslatida- 

T.  Loeasl,   ,     . 

0-126 

Movement    in 

a  circle  and 

geaelze. 

paratM. 

BenaHl,      .     . 

0-085 

Movement  in  a 

K^ue   dt  rA&o»au. 

circle. 

tique,  1838. 

Langley.         . 

0-080 

llevut  dt  VAermau- 
tioue,  1891. 

Cailletet  and 

0-071 

Camples  Seadm.mi 

Colardeau,  . 

straight  line. 

Poncelet.    .    [ 

0-098( 
0087 

"}     - 

Mid.    md.,    601   and 
628. 
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The  large  differeaoe*  obMrvad  in  tfas  valuea  of  tbe  m»emtnda 
of  the  ttir  resistance  maj  bIho  be  readily  »eeo  from  the  following 

Tbni  Weissbaoh  gives  the  following  formula : — 

B^C^B't  where  f=l'8e. 

du    Biut  and  Thibsult   give  the   foUowing  r«sutanee    co- 
effioienta:  — 

(=  1  '86  foi  a  blast  of  air  agoiuat  a  atill  plane  sorfitce,  utd 
i=l-25ii  the  surface  moves  and  the  air  ia  still. 
Id  each  case  the  front  ^e  teceives  two-thirds  and  the  rear 
one  one-third  of  the  whole  acl^on. 
For  a  surface  rotalang  Didion  found 

f=l'673  +  0-681i'-', 
and  for  the  same  moved  normallj 

f=l-3I8  +  0'666r-» 
Thibault  found  for  the  latter  case 

C=l-8flfi  +  0-6BBi'-''. 
Robert  and  Dnohemin  give : 

R  =  0-028(l  +  0'0023ti)Fij',  whence 
C=0-461(l  +  0-0023i.). 
According  to  Eytelwoin  f =0-7888. 
According  to  Bobias  and  Button  for 

e=    1        5      26     100    200    800    400    600    600  ^ 
C=0-69  0-63  Q-61  071  077  0-88  0-88  I'Oi  I'Ol- 


formula  for  the 


_0-04] 


S-o". 


In  this  formula  m  =  tbe  absolute  weight  of  the  displaced  air, 
M  the  weight  of  the  balloon,  v  the  upward  velocity. 
The  tobQ  leeiatanoe  of  the  balloon  is 

™(w.2:2a-»  ....    (10) 


.5(,-l-l) 
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R=the  ratio  of  tlie  Epccifio  Weight  of  air  to  that  of  tlie  gas,  fi 

=  ~  the  BpeeiGc  lotd  of  the  Inlloon,  sg^ttie  specific  weight  of 
y 

2.  The  powBr  in  which  sin  s  entsra  into  the  ezprenioD  has 
also  been  mnoh  dehated  ;  v.  Loesal  mea  it.  like  Vince  in  the 
case  of  water,  TMtnult  (1856),  Rsiiard  (begioiutig  of  IS70),  and 
Oonpil  (1884),  io  the  first  power,  and  confinoed  thin  by  a  very 
pretty  experiment,  naing  a  frame  which  could  revolve  about  a 
centnl  aiis  in  the  air,  to  which  a  plane  suriace  was  Szed, 
another  similar  surface  being  fixed  at  any  angle  a  to  the 
plane  of  the  frame.  Daring  the  motion  the  frames  placed 
themselves  so  that  the  two  surfaces  stood  vertically,  which  can 
only  occDr  theoretically  on  the  aseumption  that  the  first  power 
of  the  una  enters  into  Cha  expression  (v.  Loessl,  p.  13G). 

We  have  therefore 

R.=B8ina. 


Rayleigh  finds ; 


Ba  (4  +  ir)ai 


("  On  the  BesiBtanoe  ot  Fluids,"  Phil.  Mag.,  1876,  and  Gerlaoh, 

"Kuige  Bemerknngen    iiber   den    Widerstand,    etc.,"  CMl- 
ingefueur,  vol.  zzii.}. 


{Revue  dt  I'Aironautiqtie,  ISBO.) 

Dochemin ;        .  ij  =  ~ r-^ 

(with  which  Langley's  measoMments  agree), 

Renard:  tj  =  a  sin  (.-(a  -  1)  sin'  o 

(where  a  =  2  ;  see  Siantes  de  la  SocUU  fraTi^aUe  de  PhyHque, 
1886,  p.  19). 

WeissbiicTi :  ii  =  sin*  a. 

The  following  table  gives  tiie  rotues  of  ■  taken  from  the 
figures  of  Hu^n  and  Thibanlt  in  Poneelet's  Mieaniqae 
IndvxtrielU  and  from  v.  Loessl's  work  ■. 


n,  Google 
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The  head  rsBietuiae  N  is,  ftiwordiiig  to 


i 

1 

1 

1 

1: 

1 

1 

! 

1 

»-  0* 

00S6E 

n-036a 

0-MB 

u-buu 

9«e  r.  Loesd,  Luftieiderilandigesala,  pp.  149  et 


-I;,,  Google 
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e  7.  BODY  FALLma  THBOUaH  THE  AHL 

The  rate  of  fall  may  be  detenmned  by  meatiB  of  the  follow- 
ing fonaulEe. 

Thotinie(  =  ^i^. 
The  velocity  v=k  tizl . 
Tb«  dittaboe  fsUen  through  A  =  - /  !(««  +  «-#), 
where  ^  =  ?; . 


This  limiting  value  is  theoretically  only  attained  after  an 
inGDitely  Ion;;  time,  but  in  practice  b  rapidly  reached. 

See  DucWnel,  Lehrbueh  der  atiaVytittihi/n  Mtchanik, 
Leipzig,  IS68.  p.  314 ;  r.  Loesal,  Li(/lmd«rtlandsffiietaie, 
pp  171-S29  ;  Hoemee, ''DasLoeeal'scheLuftwiderBtand^eseti, 
etc.,"  special  nianber  of  the  Tifchnische  BlSUer,  1600,  pp.  IB 
and  17. 


1 8.  OH  THE  BETABDATION  OF  THE  FiXL. 

Z.  f.  L.,  vol.  V.  p.  66  ;  Gerlach,  AbUitvmg  getntita-  Baetg- 
ungsfornM,  gewor/ener  Sekeibtn,  etc. ;  v,  Loeaal,  Zeittehr.  d.  Stt. 
Ing.  vmd  Arch.  Vertiru,  Nos.  22-82,  1898,  and  Bo.  38,  1899  ; 
sir  A9rod)fnamdche  Schwcbeznatand  eintr  d&nnen  PlaUt  und 
dertn  SinJcgeneAwindiglxii ;  I.  A.  M.,  1903,  June.  v.  Loessl, 
WiederlwiU  Srlaiittning  des  Schwebefiugei. 

It  IB  a  well-koown  experimental  fact  Uiat  a  Bat  disc  fidls  mote 
slowly  when  it  has  a  simultaneoos  horizontal  velocity  than 
nheii  it  falls  perpeiidiculail;^, 

T.  Loessl  gives  the  following  empirical  formula ; — 


-Vf 


where  Y  is  the  veloci^  of  &11  of  t,  horizontally  placed  lamiua 
sing  a  borizontu  TelociW  v,  G  being  t1  '  '  '     '   ' 

i,  b  its  breadth,  and  b  v  the  area  swept  o 
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These  are  both  ideal  valnes,  the  head  n 
left  out  of  oolislderation. 
The  greater  b  and  v  the  less  Bt«ep  will  be  the  path  of  flight 
The  following  fonaulie  are  derived  from  the  aboTe  :  — 

9 

i.t.  the  work  pet  second  done  by  the  resietance,  or  the  propelling 
power  neceBsary  to  maintain  the  horizootal  velocity  (f. 
The  following  formulEe  apply  to  horizontally  placed  heavy 


»  account  the  resistanca  of 


i,a,  the  homontal  path  whioli  a  gliding  body  can  oorer  from  u 
.  heights. 

The  following  formulEe  apply   to  horizontally  placed  discs 
driven  by  propelling  foroe ; — 


^  is  the  H.P.  necessary  for  this  purpoae. 


is  the  total  work  par  second  which  must  be  perfonned  to  ensnre 
gliding  in  a.  homontal  pUne,  including  the  work  neoeasary  to 
overcome   the  head  resistance.     This  work  is  a  minimam  for 

a  eertsiu  velodty. 


i.e.  the  tai^ent  of  the  angle  of  elevation  of  the  tnirfece  corre- 
sponding to  the  total  work  A  +  A, . 

For  oalonUting  the  upward  gliding  in  a  path  rising  1  in  y, 
we  may  employ  tne  following  formula : — 
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where  A]=— ,  the  work  uecoeBarj  per  second  to  lift  the  itirikce 
oat  of  a  horizoiital  into  the  ascending  path. 


i  9.  FmmAUEKTAL  LAWS  OF  AEE0DT1IAMI0& 

Several  very  valuable  deductionB  can  be  made  from  the  above 
fundamental  equations  by  settinf;  several  qoantities  equal  to 
one  another  and  varying  tne  other  factors. 

It  follows,  for  example,  that  fi,  =  C  t/A^,  and  hauce  the 
law  that  the  increase  of  the  propeUing  force  for  flying 
machines  with  coustant  F|  and  a  does  not  produce  a  pro- 
portionate increase  in  liltiiig  power,  but  only  ao  increase  in  the 

From  A  =  -g-  ^St  it  foUows  that  Ef  =  CA',  and  hence  the 
law: 

"  A  flying  machine  can  exert  a  greater  lifting  power  in 
proportion  to  the  propelling  force  the  smaller  this  propelling 
force";  and  further,  "of  two  aeroplanes  moving  forwards, 
the  one  moving  more  rapidly  requires  a  greater  propelling  force 
to  cover  a  given  distance,  but  since  the  lifting  power  and 
velocity  increase  BimnltanooUBly  a  shorter  time  is  req^uired." 

From  A  =  Ryctans  it  follows  that,  if  v  and  a  are  coustant : 

The  total  work  necessary  to  cover  a  certain  distance  ia 
proportional  to  the  load  of  the  apparatus,  i.e.  with  two  flying 
machines,  one  n  times  as  heavy  as  the  other,  n  times  as  mnch 
work  mnet  be  performed,  under  otherwise  similar  conditions, 
to  cover  any  iiied  path :  the  heavier  apparatus  requires,  how- 
ever, n'  times  the  power,  but  flies  twice  as  rapidly  and  nKjuiMS 
the  greater  propelnng  power  only  half  ag  long  as  the  lighter 
apparatQB. 

The  relatioDB  between  F  and  A , 
Fand  K,, 
F  and  Rv , 
and  between  -^  and  all  the  remaining  funetioni),  are  those  of 
simple  proportionally. 
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The  lift  By  (-^,  F,  and  a  being  eonsUut)  nriee  aa  ths 

\  g  - 

aqaaro  root  of  the  velocitj,  and  «onveraely  the  velocity  vsnee 
ae  the  aquare  of  the  lift  Corresponding  relations  hold  also  for 
i^e  bead  resistance  Ri. 

If  oue  flying  apparatus  is  required  to  attain  n  times  the 
velocity  of  another  one,  it  must  be  able  to  eiert  »'  times  the 

The  resistaDce  of  an  aeroplane  varies  witb  the  square  of  the 
sine  of  the  angle  of  incIlQation,  i.i.  the  smaller  a,  the  less  the 


The  lifting  power  increases  as  the  product  of  sine  and  cosine. 
This  is  a  maiiinum  when  a  ~  i5, — the  head  resistance  must, 
however,  also  be  taken  into  account,  so  that  the  maiimam  is 
actually  attained  for  a  emaller  angle  than  4G°. 


From  the  formula  u  =  V*  —  *  -s-  ' 


follows    tb»t,    if   t 


body  is  made  smaller  or  larger  without  altering  its  weight  and 
form,  the  relatione  existing  previously  between  the  head  retdet- 
anee,  the  weight,  and  the  velocity  of  fall  no  longer  hold.  The 
value  G  increaaea  as  the  cube  of  the  linear  dimensions,  and  the 
value  F  as  the  fourth  power ;  hence  the  relations  holding  pre- 
viouely  are  completely  disturbed.  It  is  impossible,  theremr«, 
on  account  of  the  resistance  of  the  air,  to  iucrEase  the  size  of  a 
flying  body  pro^rtionally  according  to  any  fixed  scale,  without 
thereby  decreasmg  its  relative  power,  hence  we  cannot  expect 
that  a  flying  model  will  still  glide  in  the  air  when  it  is  increased 
in  size  ten  or  a  hundredfold  This  fact  should  be  borne  in 
mind  when  queationB  arise  relating  to  flying  machines  which 
are  to  be  made  on  a  large  scale  from  small  models. 

Just  as  the  maximum  velocity  may  a]t«i,  all  the  remaining 
relationships  between  the  body  and  Uie  air  medium  no  longer 
reioain  the  same,  and  it  Is  evident  that  smaller  bodies  in 
general  encounter  a  proportionately  greater  air  resistance  and 
sink  more  slowly  through  the  air  than  larger  ones,  and  that  it 
never  follows  that  bodies  will  possess  the  same  properties  with 
respect  to  the  air  when  increased  or  diminished  in  size. 


g  10.  TTPES  OF  DTVAHIOAL  AIB-SHIP3. 

- '  Dynamical  air-ahips  include  all  those  forms  of  air-ahfpB  which 
nre  not  supported  in  any  way  bj>  balloons,  and  which  can  travel 
in  an;  given  or  desired  direction  with  at  least  one  person  as 
■   Joad.     Kiey  are  d  priori  heavier  than  the  atmospheric  air. 

The  motion  can  take  place  either  in  straight  lines  or  in 
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eorved  paths.     If  tba 

path,  tne  ftix-sliip  is  t«rmed 

With  the  help  of  fl^g  machines  passengsn  will  ba  tnuis- 
port«d  through  the  sir  solely  bj  the  power  exerted  by  the 
motors  carried.  In  order  that  tme  ma;  be  possible,  the  whole 
weight  of  the  complete  flying  machine,  including  Uiat  of  the 
wssengers,  must  be  raised  bv  a  force  acting  vertically  upwards. 
In  every  type  of  flying  macliiue  this  upwaid  force  it  obtained 
by  drivuig  inclined  surfaces  Uirough  the  air  by  a  motor.  The 
resislance  offered  by  the  air  to  this  motion  has  an  upward 
component  which  fHimighes  the  requisite  lifting  power. 

The  surfsces  are  attached  t«  a  suitable  fruaework,  which 
carries  both  the  passengers  and  the  motors,  as  well  as  steering 
and  landing  arrangementB. 

The  laws  of  the  resistance  of  the  air,  now  known  fairly 
thoroughly,  thanks  Id  the  numerous  and  painstaking  eipen- 
moDta  of  roD  Loessl  and  others,  give  as  all  the  botors 
which    enter   into    the   praliminary   calculations   of   air-ahip 

It  is  oar  object  to  choose  among  the  several  bctors  those 
which  on  the  one  hand  satisfy  the  various  equations,  and  on 
the  other  hand  are  actually  attainable  in  practice.  We 
know  from  actual  natural  phenomena  that  our  nltimata  object 
ia  not  beyond  attainment,  and  that  we  are  not  pursuing  an 
imposaible  ideal.  We  know,  for  example,  that  a  hurricane — 
"    '   '         r  moving  with  an  enormous  velocity,  apwarda  of 


thirty  metres  per  second — often  lifts  and  carries  heavy  k 
1  v__j_.i  _., — . ■, .__: J  waflB,  i 


aeveral  hundred  metres,  overturns  railway  trains  and  w 
even  destroys  iron  bridges  weighing  very  many  tons.  With 
fear  and  trembling  we  olwerve  the  destniotioc  wrought  hj  such 
rapidly  moving  air.  These  natural  phenomena  point  out.  vrith 
the  utmost  distinctnees,  the  direction  in  which  a  solution  of 
the  problem  of  flight  is  to  be  found.  Small  surfaces  mnst  be 
forced  through  the  air  with  high  velocitieB  by  means  of  light 
economical  motors.  The  aviator  must  in  the  first  place  use 
such  motors  to  obtain  sufficient  power  and  then  direct  it  into 
the  right  paths.  In  this  way  it  will  be  possible  to  employ  the 
energy  stored  up  ia  the  fuel  (petrol,  benmte,  alcohol)  carried 
tfl  serve  the  purpose  aimed  at. 

.  Wava  flyer*.  — These  have  necessarily  broad  aeroplan 


It  is  neceesiry  to  start  at  some  distance  above  the  gTomid, 
and    towen  with  convenient  platforms  may  ba  mad.      The 
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correct  timing  of  the  podtious  of  the  eul  snrbce  is  v6tj 
ditGonlt.  There  ia  no  contiiiuity  of  the  moremeDL  The 
landing  ia  difficolt. 

It  ia  mora  than  queationiLble  i(  the  expected  Mviiig  of  energy 
ia  real— the  anthor  holds  that,  eveo  in  coses  where  wave 
flysTs  appear  advantageous  from  a  theoretical  atandpoint,  the 
mechanical  difficuMea  mora  than  couDt«rbaIaace  this.  Wave 
Syera  have  now  Only  hiatoric  interest. 

Projects!— Zachariae,  1807  ;  Petin,  ]8S0 ;  WiUiam  Clark,  1866 ; 
Lippert,  1876  (Parachiite-Montgolfiire);  Wellner,  1888(8  types); 
Platte,  1883  and  1898  ;  Miller  von  Hauenfela,  I8S0  ;  and  many 
others. 

<y.  Zachariae,  1807,  Lu/tseh/uHmmlcuTttt ;  Petin,  ISSO ; 
Lippert,  1S7S,  Zeitteftrift  d.  oHerr.  Ingaiitur-v/iui-ArekUektm 
VTtins;  Wellner,  1883,  "Der  lenkbare  Segelballon, "  Z. /,  L., 
ii.  p.  lal;  Piako,  1895,  in  Unstre  ZeU;  Platte,  "  Ein  Ballon 
mit  SegelSache,"  Z.  /.  Z,.,  iv.  p.  SGS  ;  Jarotimek,  "Zu  dem 
Beferata  A.  Plattes  liber  seinen  Ballon  mit  Aquatorialechirm," 
Z.  f.  L.,  ii.  p.  33S  ;  Gerlach,  "  Beitrag  zor  Erklarung  dee 
SagelBnges  der  Vogel,  Z.  f.  L.,  y.  p.  281  ;  Kadarz,  "  Segal- 
ballon,"Z  /.  L.,  X.  pp.  61  and  2S1.  Miller  von  HaneufeU, 
"Die  Oeeetie  dea  Segelfluges,"  Z.  /.  L.,  xii.  pp.  181  and  188, 
and  "der  mnhelose  Segelflug  der  Viigel";  Popper,  18B0, 
FiugUelMiJe,  p.  104 ;  GoBtowskj,  1899,  "Die  Irrlehre  vom 
Wellenflnge,"  Z.  /.  L. ,  iriii  pp.  211  et  atq. 

2.  Direct  flyers,  as  distin^shed  from  ware  ilyers,  inclnde  all 
other  types  of  the  dynamic  flyine  machine.  The  principal 
types  Icnowu  at  present  may  be  (uvided  into  pore  aeraplane 
machines,  screw  machines,  winged  maehinca. 

The  phyaical  principle,  on  which  all  are  based,  is  as  followa  : — 
To  set  BO  much  air  in  motion,  by  a  combination  of  monng 
snrEacea,  that  the  aeroatatical  buoyancy  ia  greater  than  or  as 
great  as  the  weight  of  the  flying  apparatna.  Their  form  o«n 
only  1)e  developed  from  a  mechanical  standpoint,  taking  exact 
account  of  the  laws  of  the  resistance  of  the  air. 

The  present  state  of  mechanical  technology  and  machine 
technics  enables  certain  points  in  connectdon  with  the  problem 
to  be  worked  out. 

3.  Pure   aeroplane    maohinei   (kite    flyen}.  —  Aeroplane  ' 
machines  more  forwards  with  the  help  of  anrfaces  inclined  to 
the  horizontal,   which   are  either  plane  or  arched  in  profile. 
The  effective  load  is  placed  underneath  the  surfaces.     These 
carrying  surfaces,  usnaily  greater  in  breadth  than  length,  have 

a  vertical  plane  surface  attached  to  give  stability,  a  rudder  for 
steering,  and  a  horizontal  plane  sarisce,  similar  to  the  tail  of 
a  bird,  for  rising  and  &lling.  The  forward  movement  is 
accomplished   wiui   the    help   of   soiews  with    horizontal  or 


382  POCKBT   BOtiK   OP  ^KltgMACTICB 

■Ughtlj  inclined  axes.  Eithor  a  single  broad  surface  is  osed 
(Heuson),  or  saTeriil  BUrfao«8  superimposed  (Stringfellow),  or 
behind  one  another  (e.g.  Eress),  or  a  atep-Iike  arrangement 
t4.g,  Maxim).  All  are  variations  of  the  same  findanteotal 
idea ;  the  reaetion  on  one  or  more  lurfacea  moved  through  the 
air  by  mechanical  means  (with  screws  or  propeller  wheeTs)  for 
lifting  purposes. 

From  observation  B  o 
fmpossihle  for  a  kite  ti  ^ 

for  flight  is  derivpd  wholly  from  the  forward  motion  o 
ground. 

It  is  not  possible  for  aeroplanes  to  remain  stationary  in  the 
air.  To  muntain  the  necessary  lifting  power  a  rapid  forward 
movement  is  absolutely  essential.  It  is,  therefore,  hardly 
conceivable  that  the  ascent  could  be  made  without  the  help  of 
rtuls,  sliding  paths,  or  a  water  path.  The  descent  is  difficult, 
and  in  a  wind  usually  dangerous. 

The  oontrol  of  aeroplanes  during  the  actual  flight  ia  a  matter 
of  great  difficulty.  The  machine  can  never  remain  stationary 
in  the  air,  and  on  landing  it  is  difficult  to  avoid  shocks  which 
affect  the  whole  machine.  Even  on  water  the  aeroplane  machine 
Is  much  more  liable  to  damage  by  the  wind  than  a  Ijalloon,  as 
Rresa  found  to  his  cost  in  the  case  of  his  elegant  machine. 

How  to  get  over  these  disadvantages  in  a  satisfactory  manner 
is  a  problem  whose  solution  seems  at  present  impossible,  nor  is 
it  likely  to  bs  solved  in  the  immediate  future,  as  all  the  serious 
defect!  lie  in  the  very  system  itself.  The  pnre  aeroplane 
machine  in  its  present  form  seems,  therefore,  to  offer  little 
advantage  t«  the  aviator,  although  it  is,  of  course,  quite  possible 
that    after    drastic    modifies tiooa   these   ditBculUea   may    be 


Projects ;— W.  S.  Hecson,  1842 ;  Aubaud,  1851 ;  Michael  Loup, 
1862;  Vioomte  de  Carlingfotd,  1856;  Du  Temple,  1867;  Le 
Bris,  1662  ;  F.  H.  Wenham,  1866  ;  Butler  and  Edwatds,  1867  ; 
Kaufinann,  1867;  Stringfellow,  1868;  Thomas  Moy,  1871; 
Tatin,  187S;  Kress,  1880;  PhUipps,  1884;  Pattasien,  1886; 
Harsrave.  18S9  ;  Maxim,  1890  ;  Koch,  1892  ;  v.  Sigafeld,  1898  ; 
GrafCaielli,  1898  (2  adjacent  arched  carrying  surfeoes  ;  F  =  34 
sq.  m.,  2  screws  on  the  stem  Q  =  1&e  kg.  {%)).  Patents:— 
Pemington,  Bosch,  Davidson  (1896] ;  Samuelaon  (1899) ; 
Gaerbert,  1897;  Bosbergand  Nyherg(I900). 

Models:— Penaud,  1871  ;  Joubert,  1872  ;  Tatin,  1889;  Steiger, 
1891;  Philippfl,  1882;  Hargrave,  1887;  Maxim,  1888;  v. 
Sigsfeld,  1893;  Eress,  1892;  Maxim,  1894;  Tatin  and  Eiche^ 
1890,  [F  =  8sq,m.,  e-Bm.  broad,  rigid  taU;Q  =  33  kg,,  11=18  m. 
per  eec ,  started  from  an  inclined  plane,  1896 ;  N  =  1  -2S  H.P.,  Bew 
70  m.,  1897,  flew  140  m.,  the  apparatus  rose  in  the  air  and  fell 
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each  tine  into  the  sea).  Moailkid,  ise7  ;  (Q  =  10S  ig.,  flew 
SO  m.  at  a  height  of  20  m.  in  »  wind  of  20  m.  per  seo. ).  LaDglej'B 
aerodrome,  18B6-7,  four  slifihtly-Brched  Burfaces  on  a  metal  Doat, 
and  rigidly  attached  to  uie  boat.  Length  of  wing,  3*9  m., 
breadl£,  1  m. ,  two  driving  screws  of  1 '2  m.  diameter,  and  n  =  SOO 
tol200;Q  =  l-36kg.,  v=U  m.  per  sec.,  covered  1600  m.  inl06 
seconds.  Oraf  Carelli,  Parschato  dirieeable,  189S ;  surface  of 
rotation  far  the  mainteoance  of  atabuity.  Length  of  small 
model,  I'O  m.  ;  breadth,  0-6  m.  :  F  =  1'125  m.  ;  propuleion, 
1  kg.;  arched  sniioce,  ecrev  ia  front  of  0'21  m.  diameter, 
covered  200  m.  in  40  sees.  ;  Q  =  0'S  kg.  ;  the  apparatus  was 
released  at  a  height  of  6  m.,  rose  20  m.  high,  and  fell  in  a  flat 
curve  after  fljdug  200  m.  in  40  sees.  Lt.  Violardi  continued 
Carelli's  experiments  with  a  twin  screw  model  2  x  S  sq.  m. 
gnrface,  s  =  3&0  m.  at  a  height  of  20  m.  The  motor  weighed 
fi  kg.     Kusmin,   1900  ;  Q  =  6B  kg.  ;  N  =  S'6  H.P.  ;  o  =  80  m. 

Kr  sec.  (!).  Hafmann  (1900);  Q  =  3't>  kg.,  copper  watflr-tuhe 
ilBT  with  72  tubes,  steam  engine  working  at  11 'B  atm. 
pressure  ;  flew  10  m. ;  momentum  for  flight  acquired  on  rollers. 
Whitehead,  F  =  BO  sq.  m.  ;  N  =  20  or  30  H.P,;  two  wing 
snr&ces  as  lifting  surfaces,  n  =  700.  Kress,  1900,  1902,  etc.  ; 
HargravB,  1901,  in  Sydney. 

B.  Penaud's  model,  weighing  i  kg.,  flew  SO  m,  in  13  sees.  ; 
TatiUB,  Rrebs,  and  Qeratner's  models,  weighing  2  kg.,  flew  40 
to60  m.  ;  Hargiave's,  weighing  1  kg.,  flew  70  m.  ;  Samuelson's, 
1-67  kg.,  eo  m.  ;  and  Ho&nann's,  3'6  kg.,  20  m. 

Haiim'9  flying  machine,  weighing4E36  kg.,  having  372  sq.  m. 
aeroplane,  and  <mven  by  engines  of  363  H.P.,  eufiered  dam^e 
before  leaving  the  ground,  rose  prematurely,  and,  owing  to  the 
damage  having  affected  the  stability,  fell  and  broke. 

Neither  of  Eress's  machines  could  ascend  in  the  airi  they 
were  merely  taaWd  on  water. 

Langley's  various  flving  machines,  of  weights  up  to  21  kg., 
made  flights  up  to  !( Icm, ,  starting  from  a  raised  platform. 

Eefcrencea :  — W.  S.  Henson,  tS42,  in  Afn/tuaUiei,  p.  2; 
Kress,  Airoveloct,  1890;  Steiger,  Der  Fogrlftug  imd  Fhig- 
masekiTU,  1891;  Hargrave,  "On  Kites,"  ^ngiruerinq,  1890; 
Maxim,  "Flying  Machines,"  in  Jironauliea,  1893  ;  Philipps, 
"On  Flying  Machines,"  in  the  supplement  of  the  Sdattifie 
American,  1893  ;  Koch,  Die  Lofung  dea  Flitgprobleim  ;  Lippert, 
Flw/techniKht  Ausblicte,  1881,  "Natiirliohe  Fliegeaysteme  "  ; 
Oerlaoh,  "  Der  Drachen,"  2. /.  L.,  vol.  ii.  p.  267,  v.  p.  245; 
Kiidarz,  "Znm  Drachenflug,"  Z.  f.  £.,  ii.  p.  225;  Chanute, 
"Progress  in  Flying  Machines,"  /.  A.  Jf.,  1897,  p.  4  ;  Kress, 
/..^.Jf.,  1807.  p.  63  ;  LangW,  1901 ;  Kress,  1902;  Langley,  1004. 

4.  Sijiew  maohluei  are  flying  machines  deriving  their  lifting 
power  and  forwatd  movement  exclusively  from  air-screws. 
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We  can  disttneniBh  between : 

1.  Screw-lUKhuica  iu  which  the  oiia  of  the  screw  ia  atntJonaiy. 

3.  Those  in  which  the  ftita  itaelf,  during  the  rotatioD  of  the 
screw,  tarns  about  a  perpendicular  aiia. 

If  such  Bcrew-nuchines  are  required  simply  to  ascend  without 
at  the  same  time  making  a.  forward  moFement,  onl;  screws  with 
Tertioal  axes  need  be  lued.  This  ia,  however,  rarely  reqoirsd, 
but  may  be  oset^l  occasioually  oe  an  attachment  to  a  caplJTe 
ballooD. 

In  all  other  cases  the  axes  are  more  or  less  inclined  ii 


Screw-machines  appear  much  superior  to  the  pure  aeroplane 
machinea  from  the  aviatic  standpoint.  They  can  nise  tliem- 
■elves  in  the  air  and  remain  relatively  stationary  to  the  aif. 
Thej  necessitate,  in  general,  no  tronslational  but  only  a 
siniple  rotational  movement.  The  surbces,  too,  may  be 
much  smaller,  and  therefore  lighter.  The  landing  is  much 
safer,  since  it  can  be  mode  oa  gently  as  we  please,  even  in  a 
strong  breeze. 

Even  the  screw  machines  hitherto  devised  have  had  their 
various  drawbacks,  which  in  part  at  least  seem  imaToidahle. 
For  example,  all  aeroplanes  placed  near  to  the  axis  are 
practically  nseless,  even  if  the  angular  velocity  of  the  centre 
of  pressure  is  very  great ;  rnrthermore,  it  doea  not  seem  to  be 
of  any  advantage  to  increase  the  diameter  of  the  screws  beyond 
a  certain  size. 

In  tbe  canrse  of  our  calculations  we  obtain  abnormally  large 
screw  sur&cee  which  at  the  present  are  diOcnlt  to  oonstruot. 
This  is  the  cause  of  the  non-snocess  of  screw  machines  devgned 
to  cariT  considerable  loads. 

Jarolimek  puts  forward  the  following  fuadamental  rules  in 
an  article,  "  Ober  das  Problem  dynamiecher  Flngmoschinen " 
{ZeiilckTtfl  des  Saterrachta  l7ig*nUur  vnd-ArchitelcUTi  Vereiiu), 

Driving  screw-blades  must  be  used  at  a  very  high  rate  of 
revolution,  when  the  angle  is  extremely  small.  Instead  of  few 
and  large  blades,  many  small  ones  should  be  employed  as  long 


not  exceed  the  maximum  permissible .. 

The  weight  of  the  mot^r,  including  parts,  must  be  equal  U) 
double  the  weight  of  the  flying  apparatus.  Screws  shoiild  be 
manufactured  of  sheet  steel. 

Exueriments  bave  shown  that  small  screws  with  a  peripheral 
velocity  of  SO  to  80  m.  per  sec.  run  at  an  inclination  of  one-fifth 
of  a  degree.  The  weight  of  the  aeroplanes  should  not  exceed 
S  kf.  per  eq.  m. 

The  blades  shonld  be  bnilt  long  and  slander. 

Goosle 
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Schemes :—Degeo,  1817]  Cossna,  1845;  Le  Brio,  ISCI ; 
ADbaad,  18S1 ;  Bright,  1859  ;  De  la  Loodelle,  1863  ;  Castel, 
1878;  Jarolimek,  1878,  ftnd  othsra.  Farther  patentees :— von 
Sohdrke,  Kosoh,  Davidson,  Dr  Beenen,  I.  A.  M.,  1898,  pp.  91, 
95,  114  ;  Breiner,  1.  A.  M.,  1900,  p.  140  ;  Hoecnea,  1B05. 

Models:— Launay  at  BienTSnu,  1874;  Cajlej,  1798; 
Philipps,  1842 ;  De  Ponton  d'Amdoonrt,  1863  ;  Pinaud,  1871  ; 
Pebtigrew,  1876  ;  Forlanini,  1877  (waight  1  kg.,  furnished  with 
two  screws,  rose  13  m.  in  the  oil  and  Sew  for  IE  seca.  at  a 
time,  /.  A.  if.,  1905,  pp.  228  and  331),  VAiripkiU,  1902, 
p.  2;  Tatin,  1879;  Dufani,  1905;  Leg^r,  1905;  Hoemes, 
1905. 

Keferences  :  JaroHnjetc,  "  Uber  die  Grundlagen  der  Mechaaik 
dea  Fluges,"  Z.  f.  L.,  iL  p.  289;  Henari,  "La  locomotion 
aWonne,"  R.  d.  I'A.,  188S,  p.  117  ;  Walker  and  Alexander, 
"The  Lifting  Power  of  Air  Propellers,"  in  Engineering,  Iflth 
Feb.  1900,  and  in  /.  A.  M.,  1900,  p.  78;  and  Buttenetedt, 
/.  A.  M.,  1900,  p.  120;  also  Kress,  ^. /.  L.,  1800,  p.  126, 
"  Die  KaptiTsohraube"  (cf.  Chap.  XIV.). 

6.  Winged  flying  maoMnes.  —  These  are  Sying  machines 
which  ate  HfWd  and  driven  forwards  with  the  help  of  bird-  or 
bat-like  wings. 

They  are  not  furnished  with  a  gas  balloon.  The  majority 
acquire  the  requisite  aii  i^istance  by  nitining  ot  apringing  from 
a  height.  The  necessary  work  ia  i)eifoimea  by  the  movement 
of  the  wings  with  the  hands  or  feet,  or  is  furnished  by  separate 
small  but  very  powerful  motors.  The  wings  are  usually  arched, 
but  ditler  from  the  wings  of  flying  animals  in  that  they  are 
rigid  and  not  penetrated  by  nerves.  The  hinged  and  jomtod 
wings  act  as  smgle-  or  double-armed  levers,  and  are  always 
made  longer  than  broad. 

Owing  to  their  complicated  mechanism  and  rigid  wings, 
winged  lying  machines  are  exceedingly  diffionlt  to  build  at  the 
present  day.  B.  Pichancoort,  Eress,  and  others  have  succeeded 
m  building  small  models  on  this  system,  the  flight  being  sus- 
tained by  the  flapping  of  wings.  Hargrove's  models  have 
hitherto  given  the  best  resulls,  two  of  1'86  and  I'fl  kg.  weight 
reapectively  having  mads  flights  of  over  150  m. 

The  winged  machines  have  one  advantage — the  flapping 
stroke.  During  this  stroke  the  air  is  alternately  compreflsed 
and  expanded,  and  the  resistance  is  very  much  greater  than  a 
steady  resistance,  nine  to  fifteen  times  as  great,  in  fact. 

UanOewski  in  1900  balanced  his  weight  by  a  balloon  and  waa 
able  to  raise  the  remaining  few  kilograms  hy  flaps  of  the  wings 
and  BO  move  in  any  desired  direction  in  the  air. 

Schemesi-iCy.  Chap.  XL,  A.)  Btfinier,  1678  ;  Marquis  de 
BrtquavUIe,   1748  ;   At>b4  S.  Oesforges,  1772  ;  Uurroy,  1798  ; 
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Degan,  1800-1817;  HeDglor,  18S0  ;  Letiu,  18B2  ;  de  Onrof, 
186C  ;  Dandrieuz,  1874  ;  v.  Wechnur,  1886  ;  Koch,  1890 ; 
Kioa,  18US  ;  and  A.  Stentiel  in  HunbnrK.  (Leoetli  from  tni 
totiu,  6-32Ta.\  breadth,  1-68  m. ;  angle  of  stroke  of  wings,  BtT. 
Total  lifting;  surface,  including,  rudder  8'12fi  sq.  ni.  ;  weight  <rf 
wings,  10  kg.) 

Keferences :— (1)  Wechmats,  Flugtti^ii,  2nd  voL  ;  (2) 
Lilienthal,  Vogdjlvg,  etc.,  1890;  (3)  v.  Parseral,  I>ia 
Meehanik  du  Vo^lfiuges,  188B;  [i)  Marey,  Le  lat  dat 
oiteaax,  1690;  (5)  Jarolimek,  "  Moglicbkeit  dcs  djnamischBn 
Flugea  mit  Beziehung  auf  die  Versuche  Lilienthals,"  Z.  f,  L., 
Xi.  p.  145;  (6)  Koch,  "  Uer  freie  menchliche  Fiug,  elc.," 
Z.  f.  L.,  X.  p.  S  ;  (7)  Krees,  "  l>er  persiinlicbe  Eunstflug," 
Z.  f.  L..  xii  p.  106,  /.  A.  if.,  1897,  p.  22.    Ako.  Uooie'a 


ExpeiJment9(Patent8pecificatioas,  No.  6of  1865,  and  I.  A.  M., 
"-98,1).  47),(B  =  144,g  =  118kj       ' 
rried  1 2  '6  kg.  per  aq.  ni. ). 


3  kg. ,  four  wings  of  0  sq.  m.  whicli 


Will  imiUted  the  Ealong  bat ;  v.  Israel's  pat«at,  No.  9SI84, 
11th  June  1896. 


§  11.  AEBODYNAHIOAL  OALOVLAUONS. 

FreUminary.  —This  subject  is  at  present  in  its  infancy,  Teiy 
few  eiperimentol  dats  being  available,  ^^'hat  follons  is,  thera- 
foie,  onl;  given  io  default  of  anything  better,  and  does  not  pro- 
fess to  be  complete. 

In  nil  problems  connected  with  the  technics  of  flight,  C8rt«ia 
quantities  enter   into  the  calcuUtiona  whi(^  are  intimately 
related  to  one  another,  especially — 
7,  BCIU,  E,),  F,  B,  »,  O,  A(A,,  A»),  E(E„  E,),  N(N.,  N»). 


J[,t,b)  A  =/(R,«). 

/f  ?,  F,  sin  a,  r)  A,=^R.,i.). 


<><} 


In  general  the  treatment  depends  on  the  determination  of  the 
motion  of  certain  combijiationg  of  atufscea  through  the  ait. 
This  belongs  to  one  of  the  most  difficult  chapters  of  analytical 
mechanics,  and  assumes  an  exact  knowledge  of  the  laws  of  tite 
resistanca  of  the  air. 

At  the  present  time  such  problems  cannot  be  handled  irilb- 
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rariouB  aasumptiona,  manj  of  th«  DeMOMrf  oo- 
li&vitig  OS  yet  been  determined. 
When  a  BDrface  is  moved  through  the  air,  vork  ia  performed 
by  three  elements,  each  of  which  must  be  taken  into  account ; — 

1.  The  weight  of  the  apparatus. 

2.  The  propelling  force. 

3.  TheresiBtance  of  the  air. 

We  usuallj  know,  Q,  i.«,  the  load,  c  the  required  absolnis 
velocity,  and  ■*  =  1  to  i. 

g 

The  aeeumptians  1 

or  F  and  0.     Freque     .  . _  _.. 

order  that  the  aesomed  and  attainable  values  may  agree  with 
one  another. 

We  must  have — 


(or  horizontal  flight  "i 
in  blling  Y 

in  rising  J 


E,    4  <  G 

Ug. 


Each  of  these  paths  corresponds  to  a  certain  rate  of  revolu' 
tion  of  the  screws  and  a  corresponding  amount  of  work  r^ulat- 
ing  the  ascent  or  descent. 

The  relations  which  we  must  ose  in  considering  hoiizontal 
Bight,  deduced  from  the  laws  of  air  resistance,  are — 
A  =  (P  -  R,> 
B,=  G 


„_/         S^v  _  /     2n    H, 

'-V^FiJn.cos,     -     V-^PWT. 

8in2a=     ^g^ 

We  must,  however,  consider  not  only  the  n 
aeroplane,  but  also  that  of  the  whole  apparatus. 

In  order  to  obUin  a  clear  picture  of  the  processes  going  01 
•  the  following  table  has  been  cakniated  from  the  formulie :  — 


-v/J 


-  where  G  =E»  and 


intbeaa»umptionthatG  =  BOOOkg,,F  =  EOO»q.  m.  and  31=  1. 
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argec.  N  =  100H.P. 


=  0-8 
=  0-4 


=  860 
=  400 


Hence  if  we  nish  to  bnild  h  fl^ng  apparatuB  hnvini;  600  sq.  m. 
liftiDg  EDrTocc,  and  not  weighing  more  than  5000  kg.,  then  we 
require  a  motor  giving  400  H.P.,  in  order  that  a  relocitj  of 
IG  m.  per  sec,  tnaj  ba  attained.  The  Burfacs  UBed  muat  be 
inclined  at  nn  angle  of  23*'85';  or: 

If  we  wish  to  build  a  flying  machine  weighing  not  more  than 
fiOOO  kg.,  and  aBBiuning  that  we  can  lift  10  kg.  load  with 
1  eq.  m.  of  aeroplane  surface  and  tnvel  at  a  rate  of  30  m.  par 
MO.,  then  we  reqnire  an  expenditure  of  work  equal  to  200  H.F., 
and  the  BurfaoeB  mnat  be  inclined  to  the  horizon  at  an  angle 
of  5°'46'. 

strongly  recommended  to 


Those  interested 

npresent  these  Hsulta 
If  ws  Bubstitute 


ading  valnea  for  o 


_     /g    R'.Bin- 

V  y-  F  cos'  a 


ws  easily  see  tbat  the  Hying  apparatus 
reater  power  in  order  to  maintain  ita  own 
igbt,   with  a 


L   flying 


s  therefore  natorallj  oaed  with  a  large 


F                  G 

■ 

,     1     . 

Assumed. 

Calculated. 

0-075 

08 

10° 
6' 

2-648 

0-768 
0-684 

8-486 
11 -SOB 
20-863 

Seev.  Loewl,  2./.  £., 


:.  pp.  222,  288,  and  206. 


S  12.  IHFLUJUraE  OF  THE  WIND  ON  FLIGHT. 

QeDSTal. — Wind  ii  sir  is  motioa  and  ib  caused  bj  differences 

of  presaure  within  tlie  atmoBpfaere,  arising  in  consequence  of 
difTerencea  in  temperature.  It  is  mewured  in  meties  per 
second. 

Meteorology  concerns  itself  principall  j  with  the  determination 
of  the  average  direction  of  the  wind  and  its  mean  Telocity,  the 
distribation  of  winds  on  the  earth,  and  the  daily  and  annual 
periods  and  ToriationB. 

The  aeronant  must  study  also  the  influence  of  the  winds  on 
objects  of  flight,  and  the  primary  and  secondary  variations  of 
the  wind  occurring  within  very  short  periode,  and  both  the 
vertical  and  horizontal  components  of  its  velocity. 

1,  Types  of  winds. — In  nature  re^Iar  witids  seldom  last  for 
more  than  a  few  moments,  hut  the  higher  we  go  the  longer  the 
periods.  Ousts  of  wind  are  the  rule,  at  least  in  the  lower  strata 
of  the  atmosphere. 

Our  calculationa  must,  at  the  present  time,  be  made  on  the 
assumptiou  that  the  winde  are  regular,  the  other  case  being  too 
complicated  for  treatment 

Tne  wind  increases  in  velocity  with  the  height,  usually 
altering  both  in  intensity  and  direction  aa  we  ascend. 

2.  AppuattiB  for  meMnring  the  velocity  and  direction  of 
the  wind, -C/.  Lilienthal,  iJn-  roKe{;(u^,eto.,p.  112  ;  Wellner, 
VtTSUiJie  Mtr  den  Lufiieideritand,  figs.  1,  2,  11  and  12; 
Langley,  AironautJes,  No.  4,  1894. 

Robinson's  Anemometer,  with  four  hollow  hemispheres,  only 
gives  average  values  of  tiie  velocity. 

S.  The  velocity  of  the  wind  at  great  altitudes  increases, 
as  a  rule,  very  rapidly  with  the  height.  . 

If  we  assume  the  velocity  of  the  wind  on  the  earth's  surface  to ! 
be  uoity,  then  the  mean  values  of  the  average  velocity  between 
diflerent  heights  above  the  earth  are  given  in  the  following 
table  :— 


This  increase  is  different  in  cyclonic  or  antici/cloiuo  i«gion8, 
and  differs  also  in  the  case  of  east  or  west  winds. 

4.  The  direction  of  the  wind  varies  with  the  height  in  such 
a  manner  that  on  the  average  it  is  turned  more  to  the  right  as  . 
we  go  aloft,  aocording  to  the  following  table  i — 


n,  Google 
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Mean  deTiation  to  the 

right  in  1000  m.«t  a 

height  of 

Given  by  x'. 

Whence  the  total 

lOOOmstws. 

16' 

IE" 

2000      „ 

124' 

?/ 

8000      „ 

'\r 

4000      „ 

5000      „ 

48° 

60OO      ., 

6° 

4B'' 

7000      „ 

«' 

Bd" 

Cf.  Beuaid,  S.  d.  FA.,  1S8S,  p.  20,  and  the  epooh-moki^  wotk 
ay  Anniamt  and  Berson,  Winentdu^lidu  Hodifahrttn, 
pp.    ieO-224,    from    which    the    above    tables    have    been 

Suggestions  as  to  the  scientific  investigations  of  these  points 
were  Kiven  by  Hoemes  in  ISEI'2,  !□  a  pamphlet,  Oher  BatU)n- 
beohaSitungen  und  dtren,  graphiaeh^  DaTsUllung  viit  besondercr 
BeTUcksickligung  maeerologiacher  Verhaltnisae,  pp.  28-40.  In 
Hoemes'  book  on  Lenkbare  Bailaiia,  the  most  important  results 
of  the  Qermon  balloon  expeditions  are  summoriBed  on  pp. 
77-84,  and  the  moat  important  laws  relating  to  the  wind  are 
collected  on  pp.  69-77. 

e.  The  Tuuteadiueas  of  alr-cnneuts  is  shown  by  the  clouds, 
falls  of  snow,  smoke  from  chimnsys,  mosses  of  dnst,  waves  in 
cornfields,  balloon  voyages,  et«. 

ExperimentB  and  measurements  show  that  the  velocity  of  the 
wind  may  vary  enonnously  within  a  few  seconds. 

If  we  plot  time  in  seconds  as  abscissae  and  velocildes  as 
ordinat«a,  we  obtain  more  or  leas  wavy  linos  accompanirf  by 
secondary  waves  in  the  ascending  and  descending  branches. 
I^e  theory  has  not  yet  been  investigated. 

Numerous  data  relating  to  the  varying  velocity  of  the  wind 
on  the  "Hobe  Warte."  near  Vienna,  are  collected  togetheria 
t*bles  a-(  in  Hoemes'  book  on  Lmkbara  BcdUnis.  For  further 
details  the  original  paueis  in  the  JakrttberidtU  der  Oentral' 
Amtaltfitr  Mettorologtt  vind  SUktroma^Miitmtu,  Vienna,  may 
be  consolted. 

Hoemes  fonnd,  for  example,  that  at  a  he^ht  of  GO-SO  m. 
above  Vienna,  on  the  Hohe  Warte,  during  IB -2  per  cent,  houra 
a  wind  blew  of  mote  than  8  m.  per  sea. ,  dnring  5  per  cent  of 
more  than  14  m.  per  sac,  and  dnring  I'S  per  cent,  of  more  than 
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30  m.   per  sec.,   these  nnmbera  being  deduced  from  readings 
extending  over  twentj-sii  years. 

The  maximum  oad  minimnm  for  more  than  8  m.  per  eeo.  of 
wind  were  respectively  21*3  and  14'7  per  cent,  for  more  than 
14  m,  per  sen.,  58  and  3-8  par  cent  respectively,  and  for 
more  than  20  m.  per  see.  1  '5  or  0'4  per  cent,  respeetivelj  hour^ 
during  a  whole  year.  (For  fuller  devils,  see  Hoeraes'  LenJtbare 
Ballona,  Ruekblieke  und  Auatichten,  Engelmano,  Leipzig, 
1902.V 

S.  Tbe  angle  of  deflection  of  the  instantaneous  direction 
of  the  wind  from  ita  mean  direction  often  reaches  10°  to  20°, 
or  even  more,  and  the  diSerence  of  the  angle  of  inclination 
of  the  momentary  wind  with  respect  to  the  horizontal  even 
.  in  level  country  may  reach  6-6°.  See  Wellner,  Lilienthal, 
Langley,  etc 

7.  In  nnlimited  space  a  perfect];  regular  wind  would  be 
without  influence  on  the  path  of  a  flyinetiody,  since  the  latter 
takes  up  the  velocity  of  the  wind,  and  all  calculations  relating 
to  liftitijg  power,  path,  etc.,  would  bare  to  be  carried  out  as  if 
the  object  were  moving  in  a  perfectly  calm  atmosphere. 

S.  With  teapeot  to  a  fixed  point  on  the  earth  the  fdlowiug 
oompariBons  may  be  mode ; — 

In  the  corresponding  cases  :  — 
(i  represento  the  time,  s,  thediatance,  «=the  velocity  in  a  calm. 
^        ,,  ,,        a,  ,,  v  +  'u=       ,,      ina  bvonr- 

able  wind. 
t,      „  „       ..  „        .-.-      „     1.   ^-y 

posing  wmd. 
AijEj,  Ag,  Eg,  Ag,  Eg,  the  corresponding  work  and  power. 


1.  The  distance  covered  in  unit  time  bv  a  flying  bod;  with 

an  independent  forward  velocily  calculated  with  respect 
to  a  filed  point  on  the  earth  ia  greatest  when  the  body 
is  travelling  with  the  wind  and  least  when  travelllDg 
against  it, 

2.  The  time  and  work  necessary  to  cover  a  certain  distance 

are  least  in  a  &vourable  wind  and  greatest  with   a 
contrary  wind. 
0.  Taking  advantage  of  th«  varions  winds.— The  irregu- 
larities of  the  winds  are  used  by  birds  to  aid  flight;  it  is 
questionable  as  to  whether  we  may  expect  to  be  able  to  take 
advantage  of  such  gusts  with  flyins  machines, 

We  attribute  the  poseibility  of  Uie  circling  of  eagles,  etc.,  to 
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osoanding  omrentB  of  lir.     For  kites  erei;  wind  is  &  motor,  the 
more  powerful  the  stronger  the  wind. 

Concsming  the  influenoe  of  the  winds  on  the  pAths  of  balloons, 
>ae  Chap.  XII.,  C,  also  Ken&rdi  CimfiTtnce  xar  la  NaeigaiiiM 
AMmint,  and  Hoeroea,  LetUcbart  Bailout,  RUdcblieke  umJ 
AuatidiUn.,  pp.  84-68. 
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CHAPTEE  XIT. 

ON    UOTOSS. 

By  HERMANN  HOEKNES. 

INTBODUCnOM. 
The  moton  nsed  in  flying  maehineB  form,  aloag  with  those 
ueed  in  ton>edo  boats  and  motor  care,  a  Bpecial  class  of  maohine 
to  themaelTSB,  necesaitatin^  a  separate  branch  of  gtnd;  and 
spaoial  experiniaiits  and  trials. 

The  following  motors  have  b«en  adopted  for  aeronaatical 
purposes; — 

A.  Steam  engines. 

(b)  Beciprocadng  steani  engines. 

(6)  Kolaiy  steam  engines  or  ateam  turbines. 

B.  Internal  combustion  engines, 

(a)  Gas  engines. 
(8)  Petrol  engines. 

(7)  Benzine  engines. 

C.  Electric  motors  worked  by  primarj  batteries.' 

These  motors  set  propellers  of  large  auperScial  area  in  rapid 
rotation  whereby  a  large  air  pressure  is  artificiallj^  produced; 
a  component  of^tbis  pressure  is  used  to  overcome  either  (IJ  the 
head  resistance  (in  air-ships),  or  (2)  the  weight  (in  flying 
machines). 

The  conditions  which  an  air-ship  motor  must  ^Ifil  are  the 
following : — 

(a)  The  weight  of  the  motor  must  be  as  small  aa  possible  in 
proportion  to  il«  maximuni  output. 

(ft)  The  quantity  of  fuel  used  must  be  a  minimum. 

{e)  The  motor  must  run  without  vibration. 

{4)  The  motor  must  be  well  governed  for  varying  loads. 

(<)  It  must  be  efficient  at  varying  speeda. 

[f]  It  must  work  reliably  for  long  periods, 

(y)  and  automatically  under  all  oiicnmstances. 

it  is  of  the  highest  importance  that  the  engine  frame  be  so 
designed  that  the  piopellinK  power  is  transmitted  nniformly 
over  the  whole  framework  ofthe  flying  machine  or  ainbip. 


>  Jnriiig  maol 
himidf. 


•  alao  been  derlied  worked  t 
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A.  Fundammlal  Unit$ 


Abiolato  (pbTucal). 


Time 
(0 


System  of  units. 


{Length  =  1      metre 
W  km.J 

Force    =  1  gram  weigtit 
(F)  Corkg.wei2it), 

Time     =1     second    (or 
(()  hour). 


B.   Derived  Units. 


A='P 
A=om.3 

1    SnaFA(a=     | 

A=P 

A=m« 

1 

1   Length  X  Breadth.   | 
—    A  =  a.6.    |— 

I)imeu8ton«l  equation. 

uJit. 

1 

V=ora.' 

V0LDMB=       1 

V  =  m' 

1 

Length  X  Breadth  K  Thickness.    1 

1    V=^U.   1 

Unit. 

1 

.si 

t   Path  | 

1 

g=l 

1    Path  tnivetSBd  =  velocity  X  time  = 
1  path  traversed  in  nnit  time  x  time. 

1       "='       1 

Dimensional  equation. 

CoireBponding  tiait 


DimeiiBioiial  equation 


ACCELEBATIOH  = 


j  Increnseof  velocity  in  unit  time  = 
I       Bate  of  altetatloii  of  Telocity. 


DimensiaDal  equatioii. 

I 

Dnit. 


3= 9 -81  m.  Be 
g  varies  with  the  latitude 
{although  only  ■.  -^ 
uigbttT),  and  is  oot 
an  absolute  constant. 
In  London  g=. 
m.  sec.-'.  At  the  Poles 
j(  =  98818  m.  sec.-' 
At  the  Equator  g^ 
9-7810  m.  see -». 
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F  =  M/=M^ 


The  unit  of  force  ia  i 
momeatuni  in  unit  ti 
It  ia  (ailed  &  gram  (kj;.) 
weit^ht,  OS  distinguished 
from  the  mass  of  &  gram. 
The  gram  weight  is  the 
force  which  will  give  a 
mosa  of  1  cab.  cm.  water 
at  4°  C.  the  acceleration  of 
g.  Roughly  1  gram  weight 
=  S81     dynes    (cm.    gm. 


F=Im<-' 


Dimensianal  equatioD. 
Unit  of  force. 


1  dyne  wUl  give  s  gram 
masa  an  acceleration 
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A funduDBDtal,  notaderived, 
unit  in  Physical  Science. 
Since  the  fundamental 
unit   of  mecbaniCB— force 
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e  at  diSerent  pit 
the  phjsiciat  chooses  an- 
other fimdameutal  unit 
which  hag  th«  same  value 
at  all  |>lBces  on  the  earth. 
This  is  the  gram   mass, 

"" a  of  a  cubic 


Dimensional  equation 


Msi-'kg.  <• 
=m.-'kg,  sec.' 


j    Force  on  a  surface  (per  unit  area).    | 


DimensioDal  equation. 


Unit  of  pressure. 


.lkg.xlom." 

=1  normal  at- 

moaphere. 
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Product  of  force  x  diBplaoament  in  the  direction 
of  the  force  =  EinetiQ  energy,  i.t.  the  eaergy 
of  motion  (as  distingiiishsd  trom  potential 
ener((j,  or  enercy  of  position,  equivalent  to 
the  work  storea  up). 


W=F«= 


Unit  of  Work. 


1  watt  =  10'dynBa)i 


in»l  equation.  P=l  kg.  t-> 

Unit  power, 

1  watt=1  m.  kg.  8ec~' 
lH,P.{metrio)  =  76nL%.B8c.-' 
=  786  watta. 
P.  {EngliBh)=74a  watts. 
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rent of  1  amp.  when  applied 
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^  =  R,  for   1  =  1  cm. 
ftndA=l  sq.  cm. 
ooDductmtj  —  =  -^,  for  I  =  1  cm. 


Oonlomb'sl^w:  F 


,qq: 


Obm'i  Law:  E  =  tE  where  E  U  the  potential  diffennc« 
between  any  two  points  of  a  circoit  tiBiTeTBed  bj  an  electric 
enmnt,  t  -  the  atresgth  of  current,  and  R  =  the  reaiatance. 

Farodav'B  Law  :  Q  =  Icit. 

Joule'aLaw:  Wsi'a^Eif.     . 

Measurement  of  effective  horse-power, — Tha  efTeotiTe  horse- 
power is  convenientlf  detemuDed  bj  means  of  an  ordinuy 
niction  dynamometer,  of  which  the  Proay  brake  ie  a  good 
example. 

Let   H.P.  ahorse  power  developed. 

n  =  the  nmnher  of  revolutions  per  minDte. 
W  =  the  effective  load  in  kg. 

Th.,,H.P..?Ji|-'. 


The  rate  of  working  of  an  ordinsn  man  is  approximately 
O'l  H.P,  This  mte  can  he  exceeded  during  very  short  periods ; 
for  example,  for  two  minute  periods  a  man  may  develop  aboDt 
0-8  H.P.,  and  he  may  sven  develop  06  H.P,  for  veiy  much 
shorter  periods  again. 

Experiment  has  shown  that  the  above  powers  are  quite 
unsuitable  for  piopelliug  either  air-nhips  or  flying  machines  of 
the  me  neoesaary  to  carry  the  aviator's  own  weight 


1.  Electric  motors  are  built  up  of  the  motor  framework,  the 
field  magnets,  the  armature,  and  the  commutatfir.  They  are 
actuated  by  an  electric  current  furnished  either  by  a  dynamo 
or  by  accumulators. 

2.  We  ma;  diatinguish  between  direct-current  machines  (in 
which  the  alternating  current  produced  is  so  comniutated  and 
collected  that  it  givea  an  approximately  constant  current, 
flowing  in  one  direction  only  in  the  external  ciroait),   and 
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Kltern&tintF-cuiTeiit  machinas  (is  whloli  the  Bltentfttiag  current 
itnlf  is  allowed  to  flow  through  the  eztemsl  oiroiiit). 

3.  Direct-current  machines  may  be  divided  into  two  closseB  : 
ring-wound  and  dmm-wound  machines,  accordiuE  >u  to  whether 
»n  anchor  ring  or  a  cylinder  ia  wound  with  wire  ;  each  poe- 
aessea  a  commutator,  which  commutatea  the  alternating  currents 
geneiatal  in  the  windings  into  a  direct  current  in  the 
eitemal  circuit. 

4.  Alternating -current  maohinea  have  no  commutator,  since 
the  current  does  cot  require  to  he  changed  in  diraotian.  The 
coils  in  which   the  current  is  induced  either  n 


ring  (the  current  being  led  out  from  fixed  terminok).  Alt«r- 
nating-curreut  laaohines  are  used  priooipslly  in  combination 
with  transformers. 

&.  The  electric  motor  has  attained  a  high  state  of  develop- 
ment, eapeoiall?  as  regards  the  power  developed  per  weight  of 
machine,  high  efficiency,  simple  build,  quick,  steady,  and 
odourless  working,  readj  reveraibility  of  the  direction  of 
rotation,  and  adaptability  to  overloodB.  The  rate  of  revolution 
can  be  varied  within  wide  limit&     Occupiea  very  little  room. 

6.  In  connection  with  electric  motcre  we  ma;  note  the 
following ; — 

(a)  The   electromotive  force  of   the  machine    ia   tbe  total 

voltage  excited  in  the  windings  of  tbe  armature, 

(b)  The  terminal   voltage  is  that  between   the  ends  of  the 

armature  windings,  it  is  equal  to  the  initial  voltage 
in  the  external  circuit,  and  is  lees  than  the  electromotive 
force  excited  owing  to  losses  in  the  amsature  windings. 

(c)  The  strength  of  current  (ia)  in  the  armature  windings. 

(d)  The  strength  of  current  (i)  in  the  outer  circuit  between 

the  terminals. 

(e)  The  total  power  W„  of  an  electric  motor  is  equal  to  the 

product  of  Ea  and  ia  or  'Wa-Eaia  watta,  or  since  736 
watte  =  l  metric  M.P.,  W„--=  %^  H.P.     To  find  the 


!t  for  direct  currents  is  equal  t 


(g)  For  alternating  currente :  Power  =  Ei  cos  ib  watts,  where 
cos  ^  ia  the  power  footer,  ^  being  the  diSersnee  in 
phase  between  E  and  i,  or  the  angle  of  lag,  as  it  is 
called. 
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(A)  The  slectrioal  efficiency  ia  the  ratio  of  tlie  total  energy 
absorbed  bj  the  aimature  to  the  oseful  work  developed 
by  the  armature. 
(»)  The   mechanical    efficiency    is    the   ratio  of  the  power 
developed  by  the  armature  to  the  net  power  (mechani- 
cal) developed  on  the  shafL 
(»  The  commercial    or  net  effioienoy  U  the  ratio  of   the 
power  (electrical)  put  into  the  armature  to  the  power 
(mechanical)  dereloped  on  the  abaft. 
7.  Stoppages  may  occnr  in  electric  motore  from  any  of  the 

foJlowinB  cauies  :— 
(a)  Throogh  the  &ilure  of  the  cnrrent. 
(6}  ThroufVi  demaf^etisatioa  of  the  pole  pieces. 
(e)  Thionvh  entauelement  of  the  wires. 
Id)  Through  sparking  at  the  commutator  brushes. 
(«)  Through  the  heating  of  the  armature  and  fui]d  coils  above 

60  or  70*C.,  and  consequent  melting  of  the  insulation. 
The  total  weight  of  an  electrical  installation  comjirises  the 
weights  of  the  dynamos  and  the  driving  gear,  the  accumulators 
or  Sattories  and  regulating  resiabknces  and  switches,  or  of  the 
.  [Hime  mover  (e.g  sl«am  turbine)  and  parts,  in  addition  to  the 
weight  of  the  motor  itself. 

Sectric  motors  were  used  by  Tissaudier,  and  in  Renatd-Ereb's 
air-ships  (1884-6).  The  8-5  H.P.  motor  osed  by  the  Iatt«r 
weighed  654  kg.,  or,  roughly,  77  kg.  per  H.P.  "Les  piles 
l^eres  du  ballon  la  France"  are  described  fully  by  Renard 
himself  in  the  Beme  dt  VAiTonoMtiqut,  ISBO,  p.  SO. 

Aocomulators  are  at  present  so  heavy  that  the;  can  only 
he  used  for  driving  auxiliary  motors.  Dynamos  uecessitate 
the  use  of  so  much  iron,  even  in  large  machines,  that  they 
can  only  be  huilt  of  great  weight  {cf,  Hiitte,  htgmixv/ra- 
TatchamvA ;  Wejler,  IH^  PynamomaMMnx,  etc.  ;  Qerhard'a 
ElemenU  der  ElKtroUchnik ;  Die  EUclroUcknik,  by  Qorges 
and  Zickler,  etc. ). 


§  4.  BTEAu  BHonrxa 

In  a  steam  enirine  the  working  material  is  steam  under 
pressure,  furnished  by  a  suitable  boiler.  We  most  distinguiah 
between  rotary  steam  engines  (or  steam  turbines)  and  re- 
(Uprocating  engines. 

In  a  reciprocating  steam  engine  the  steam  passes  into  a 
cylinder,  eipande,  and  actoates  a  piston,  from  which  the 
power  is  taken  by  means  of  a  suitable  connecting  rod  and  crank 
shaft. 

Rotary  tUan  engint  or  >Uam  tvrl/ine.—la  this  the  staam. 


.;Ic 
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entering  ander  high  pTesanre,  impinges  on  the  blades  of  a 
wheel.  The  eipansion  is  completed  between  the  entrance  rftlve 
and  the  month  of  the  exhaust.  The  at«am  gives  u;^'  ^^  kiaetio 
energy,  which  is  proportional  to  ita  ezpanaion,  just  sb  though 
it  h3  been  allowed  ti>  expand  in  the  ojlindor  of  a  reciprocating 
engine.  This  kineUc  energy  is  transferred  to  the  blades  of 
the  wheel  in  the  same  wa;  as  that  in  which  the  eners;  of  the 
water  is  transferred  in  a  hydraulic  turbine.  There  is,  there- 
fore, no  to  and  fro  motion,  and  the  velocity  remains  constant 
tbrougbont  the  revolntian,  whence  the  abaeuce  of  Tibratio)i, 
which  is  one  of  the  great  advaatsges  of  this   type  of  prime 

The  entry  velocity  of  the  steam  is  very  great  (for  a  =  4, 
v  =  736  m.  per  sec.,  for  a^lO,  ti  =  S82  m.  per  sec.,  in  a  non- 
condensing  machine,  and  ti  =  1070  or  1187  m.  per  sac  respec- 
tively, in  a  condeaaiag  engine  working  at  a  condensatioii  pressure 
of  ^  atmosphere],  hence  the  rate  of  revolution  of  the  receiving 
wheel  is  also  very  rapid,  being  between  7400  and  80,000  nvs. 
per  nun.  according  to  the  type  of  engine — these  correepondii^ 
to  peiiphsral  velocitiss  of  from  176  to  400  m.  per  sec 

De  Laval's  steam  turbine  will  work  under  any  pressure.  The 
amount  of  steam  used  ia  less  the  greater  the  pressure  and  the 
more  perfect  the  condenser. 

Steam  turbines  work  just  as  economically  as  the  best-known 
compound  reciprocatine  engines.  The  attention  necessary  is 
very  small,  ana  the  wort  of  cleaning  need  hardly  be  considered, 
almost  all  packing  and  bolting  up  being  unnecessary. 

*"  uitity  of  steam  used  ia  almost  proportional  to  the 

■  n  ot  the  machine 

id  and  easy. 
Is  Laval's  turbines, 
for  example,  requiring  fe 

Length,       Breadth.       Height. 
20  HP.     A  space  of         .      1-360  m.      0-707  m.      0-SS7  m. 

80 1-468  0-707  0-997 

60   , 2-175  0-940  1-287 

76    , 2-604  1-060  1-3I8 

100    „      .         .         .         .      2-870  I-B20  1-666 

Beciprocating  steam  engines  are  being  bnOt  extremely  light, 

■t  the   present  day,   in   the  automobUe  industry.      Since  it 

would  lead  too  &r  to  oouaider  in  detail,  in  this  book,  all  the 

numerous  types,  only  the  ateam  engine  used  by  Maxim  will  be 

briefly  sketched  and  the  properties  of  different  fuels  mentioned. 

The  moat  important  parts  of  a  steam  ei 

(a)  ~        ■  .... 
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(ft)   The  tubes. 

(a)  Th«  actual  sngine,  inclnding  parts. 

(d)  The  condenser  (with  pomps). 

(()   Vessels  for  water  and  fueL 

(/)  The  parte,  enob  as  Talrea,   testing  taps,   w 


See  Uhland,  Handbuch  /Br  den  praktisehen  ManAimn- 
Kon^ruiUevr ;  or  Haadei,  Dampfm/uehintTi  und  Damp/itaseia  ; 
HUtbi,  Dei  IngenUura  Taichti^nich ;  Weissbach,  Ingenieur  ; 
Etabali,  Daitipfmaachinan ;  Radinger,  Da/mpfma*chiiie  tnii 
htker  KoUnngiKhioindigkeit ;  Reiche,  TTantmiaaiona- Dampf- 
moKhinta,  ate. 

Maxim's  36SH.F.  motoi  had  a  total  weight  including  waMr, 
of  615  kg.,  and  tbe  two  compoiuid  engines  belonging  to  it  a 
weight  of  272  kg. 

The  steam  neoesss^with  this  was  I'lS  kg.  per  H.P.  hour,  to 
that  the  weight  of  niel  and  feed-water  for  a  whole  hoar  was 
■bout  15  kg.  perH.P. 

The  two  compound  en^es  were  manufactured  of  steel  Each 
had  a  high-pressure  cylinder  0'128  m.  in  diameter,  and  an 
expansion  cylinder  0-203  m.  in  diameter,  the  itroke  being 
0'306  m.  Since  the  machine  at  full  load  worked  at  alt  reTs. 
per  min.,  the  mean  speed  of  the  piston  was  3  -n  m.  per  sec. 

The  clearance-ratio  in  the  li;gh -pressure  cylinder  was  075 
pel  cent,  and  in  the  low-pressure  cylinder,  0'625  per  cent  The 
pressure  of  steam  on  odmiHsion  was  at  most  22'5  atm.,  the 
mean  excess  preasare  in  tJie  small  cylinder  IB '6  atm.,  and  that 
in  the  Iarg«  cylinder  8-7  atm.,  estimates  which  are  probably 
too  high.  On  the  other  hand,  however,  the  theoreticu 
pKSSure  diagnuna  gave  values  not  much  smaller,  and  the  two 
engines  may  have  produced  an  indicated  H.P,  of  450  at  the 
mazimom  veloci^,  and  also  the  363  net  H.P. 

A  diagram  of  the  engine  ia  given  an  p.  26  ai  T\e  Atnmavliatl 
Jnimal,  I80S,  and  in  the  Rtvue  d*  V AtTOnayitUivt,  1902, 
Another  light  motor  was  made  hy  Hening ;  for  particulara  see 
The  Aenmaidieal  Antuial,  p.  38,  1S97. 


1.  Fuel  is  a  natural  store  of  enersj.  This  energy  ie  set 
&ee  on  hnmins,  being  transformed  into  heat  ene^y,  which 
can  then  be  ntilieed  for  the  production  of  useful  wink. 

The  choice  of  fuel  resolves  itself  into  how  to  obtain  the 
greatest  amount  of  energy  from  the  least  weif^bt  of  material. 

2.  The  heating  Affeot. — We  must  distinguish  between— 
(a)  The  salorific  or  absolute  heating  power. 
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{b)  The  speuific  heatiiig  power. 

(c)  The  oalonfio  inteoBit;  or  pyrometrical  heatiiig  power, 
(a)  The  sbBOlute  heating  power  (heat  of  combustion)  of  a 
liiel  is  the  number  of  heat  unita  (oaloriu)  which  are 
developed  by  the  Dombustiou  of  unit  weight  (1  kg.)  of 

{b)  The  epecific  heating  power  of  a  fuel  is  the  number  of  heat 
naits  developed  %  the  combnation  of  unit  voliutie 
(1  litre)  of  the  same. 

(e)  The  pyrometrical  heatjn^  effect  of  a  fuel  ia  the  tempera- 
ture measured  in  centiffrade  decrees  which  would  be 
attained  if  the  combustion  took  ^laoe  using  exactly 
the    right   amount  of  oxygen,   and   no  loss  of  heat 

3.  The  tieatiiig  power  (calorific).— On  acconut  of  incomplete 
combustion  only  70-00  per  cent,  of  the  full  heating  power  is 
available.  The  absolute  beating  power  measnred  in  calories 
with  complete  combustion  la  for:  Charcoal,  7600  ;  coal,  7000- 
7SO0  I  paraffin,  0000  ;  petroleum,  11,000  ;  ether,  S02S  ;  alcohol, 
7184;  olive  oil,  11,200;  marsh  gas,  13,34S  ;  H,to  H,0(nipoor), 
28780;  H,0  (liquid),  34,180-34,462. 

i.  Air  necessary  for  combustion,  about  10-18  times  the 
weight  of  materi^  burnt.  The  temperature  of  combustiun 
incmaaoo  with  the  amount  of  air  available,  hence  we  use  warm 
air  and  artificial  draughts. 

G.  Heating  iniface.  —Any  surface  covered  by  the  water  to  be 
evaporated.  The  communication  of  heat  from  the  fuel  to  the 
feeding  water  takes  place  through  the  heating  surface,  directly 
by  the  radiant  beat  and  indirectly  by  conduction.  The  size 
of  the  heating  surface  infiuences — 

(a)  The  production  of  steam. 

(b)  The  economy  of  the  process  (euormoualy). 

The  area  of  the  heating  surface  may  be  roughly  estimated  as 
follows:- The  I.H.P.  xO'fl  ((iveH  Ihe  heating  surface  in  square 
metres  required.  For  very  high  steam  pressures  the  Dumeric&l 
fiutor  is  somewhat  smaller. 

6.  The  ratio  of  heating  surface  to  gtate  area  variea  widely  in 
different  boilers.  In  boilers  of  the  Lancashire  or  Cornish  type, 
the  ratio  lies  between  16  aud  2b,  in  marine  boilers  between  2G 
and  50,  and  in  locomotives  it  may  be  as  high  as  75.  The  higher 
the  proportion  of  besting  surface  the  higher  is  the  evapora- 
tive efficiency  up  to  a  certain  limit  Witn  forced  draughts  a 
greater  extent  of  heating  surface  is  necessaly  ibau  with  oidinaly 
drauehts. 

7.  The  evaporative  power  of  a  fuel  is  the  number  of  kg.  of 
wkter  at  0°  C.  which  1  kg.  of  the  fuel  will  convert  into  steam  at 

100*  a 
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8.  OlaMdSc&tlon  of  fnels. — (a)  BoUd,  (ft)  liquid,  (e)  gaseoue. 

(a)  Wood,  peat,  coal,  coka,  etc.,  all  too  heavy  for  air-ahips. 

Cou-dust  fael  is  best  (nves  6£>-70  per  cent,  efficiency, 

and  burns  without  xmoke], 

(J)  The  distUlation  products  of  raw  petroleum — petrol  and 

benzioe.     We  may  distinguish  between — 

(a)  Light  distillation  products  (coming  off  below  ISO*), 

bensiiie,  petioJeuni  etber,  gasoline,  ligroine. 
(fl)  PBtroleam(b.p,  170-300"). 

(7)  Mineral  oils  and  vaseline  (abora  300°),  naphthol ; 
difficalt  to  use.     Require  special  pulverisator  and 
special  precautiana  in  firing. 
(^  Natural  gas,  coal  gas,  producer  gas,  waUir  gas. 
B.  Petroleum.— Specific  grarity,  077-0-83. 
Tampetature  of  ignition  between  500  and  600°  C. 
The  consumption  of  oil  per  B.  P.  rises  BO  par  cenL  on  an  aver- 
age at  half  load.     Sunning  light,  the  consumption  of  petrolenm 
is  on  an  average  =  45-60  per  cent,  of  that  necessary  to  run  the 
fully'loaded   machine.     Mean  efficiency  of  a  petroleam  engine 
q  =  0'I3,  felling  rapidly  with  diminishing  load.     1  H.P.  hour 

Quantity  necessary  per  H.P,   hour  not  more  than  D'4B  kg. 

Disadvantages :  diflicult  tc  mix  with  atmospheric  air ; 
imperfect  combustion,  and  henca  residues  left,  necessitating 
thorough  daansing  ;  unbuint  petroleum  injures  tbe  motor  ; 
bums  with  a  dangerous   Qame  and  gives  off  an  unpleasant 

10.  Benzine  distilled  at  from  80-100'  0, ;  specific  gravity  at 
15°  =  0-68  to  070,  A  cubic  metre  weighs  680-720  kg.,  and 
evaporates  very  rapidly  even  at  normal  temperatures,  forming 
an  explosive  mixture  with  air  ;  a  suitable  mixture  for  axplosion 
can  tharefore  be  obtained  by  merely  drawing  aii  through  tha 
benzine  liquid.  Absolute  heating  power  of  1  kg.  benzine,  10,600 
to  11,000  caloiiea.  The  greatest  precautions  must  be  taken 
against  fire  whan  using  tbia  material.  Quantity  necessary  per 
H.P.  hour  0 ■35-0-45  kg.,  giving  8600-6000  calories.  Actual 
efficiency  >i  =  0-14-0*18,  falling  with  diminishing  load.     We  can 

Gt  2'86  H.P.  hours  from  1  eg.  benzine,  as  against  16  H.P. 
lUrs  theoretically  possible.  A  6  H.P.  motor  requires  330-5  gm. 
benzine  per  H.  P.  hour.  The  danger  of  fire  is  almost  eliminated 
by  elsctrical  ignition  in  Ka8-tight<vessels.  100  litres  benzine  coat 
•bont  30-608.     1  H.P.  Sour  coats  about  2-ld. 


eper% 
a  weight 


For  unit  power  we  require,  therefore,  1-8  timea  tha  weight 
of  spirit  as  compared  to  that  of  lamp  petroleum.  Spirit  is, 
however,  less  viscous  and  bums  more  completely,  henoe  the 


cousumptiou  per  H.F.  hour  is  only  D'8B  ig,  A  S  H.P.  motor 
required  7B8'8S  em.  spirit  per  H.  P.  hoar  in  an  aukimobile  race 
from  Paris  to  Koubaii.  lOO  litres  spirit  cost  alraut  2{>s. 
1  H.  P.  hour  oosta  about  1  ■4d. 

12.  Coal  g&a.— Has  on  an  arsrage  a  heating  power  of  5000 
calories  per  cubic  metre.  We  require  usually  0'6-0'7  cb.  m. 
per  H.P.  hour  (for  1-10  H.P.  engines)  or  0-65-0-8  cb.  m.  (for 
10-50  H.P.  engines),  but  for  still  larger  engines  the  rate 
of  diminution  per  H.P.  is  not  quite  ao  cteat  The  lowest 
authenticated  consumption  of  gas  is  0'40  cubic  mette  ^r  H.P. 
hour,  giving  an  efficiency  of  ii  =  0'18-081.  For  a  decrease  of 
load  to  J  or  4.  the  consumption  of  gas  per  H.P.  rises  10-15  per 
cent,  or  30-S5  per  cant.  reap.  The  temperatures  of  ignition  for 
miitnres  of  S,  9,  and  10  per  cent  coal  gas  with  S2,  SI,  90  per 
cent  air  were  752,  755  and  785°  C  reap.,  according  to  Professor 
Eunte  of  Carlsruhe. 

g  6.  STEAK. 

1.  The  feed  water  must  be  taken  iu  in  a  chemically  pare 
condition,  and  hold  nothing  in  a  state  of  mechanical  suspension. 
It  is  therefore  necessary  In  air-ships  to  have  arrangements  for 
the  purification  of  the  water.  No  trouble  arises,  therefore, 
f^lIu  boiler  incrustations  or  fur  in  the  case  of  air-ship  engines, 
which  advantage  has,  however,  the  drawback  that  tne  coat  of 
the  water  becomes  very  great. 

2.  For  every  steam  engine  the  total  necessary  wafer  required 
per  hour  must  be  determined.  The  feed-wat^  pump  must  be 
able  tfl  supply  2'2  times  this  amount.  The  amount  may  be 
calculated  from  tlie  formula  : 


where  8  =  the  quantity  of  feed-water. 
(J— the  diameter  of  cylinder. 
A  =  thB  length  of  stroke, 
n  =  the  number  of  revolutions  per  minute. 
#  =  the  efficiency  of  the  pump  (usually  about  0-8). 

3,  The  itetun.  —The  source  of  power  in  a  ateara  engine  is  the 
expansion  of  the  steam.  The  steam  is  obtained  by  heating  the 
water  in  boilers  with  non-conducting  covering.  In  air-ships 
only  water-tube  boilers  are  employed. 

4.  Steam  boUen. — For  airsbipB  light  compact  boilers  are 
reqnired,  producing  steam  rapidly  at  high  pressures. 

For  the  prodnoUon  of  z  kg.   steam  we  require  a  heating 
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H  =  ^  =  0-052(to;. 
orH  =  0-0528V7. 
A  boiler  whiob,  for  eiomple,  will  produce  x  =  f>00cb.  m.  stesm 
■t  a  =  S  atmoaphenia  preasuTe,  requires  (siiice  1  cb.  w.  steam  at 
this  preisure  weighs  7  =  4'028—see  Fliegner's  Tables)  a  heaUng 
BUcfoce  of  102'4  sq.  m.,  according  to  the  equation  : 

H  =  0-0536V7  =  0-0628x600x4-028  =  102'4. 

The  thickness  of  the  walls  of  the  heating  and  fire  tnhea  is 

(acoonling  to  Fairbaire)  given  b;  t  —  l'23^l.d.a  in  millimetrea, 

where  I  is  the  length  in  metres  and  d  the  diameter  in  metras. 

E,  The  boiler  fittings  are ; 

4.  Two  gauge  glosBes. 

5.  The  pressure  gauge  (giving  the  steam  preaauie  in 

atmospheres). 

6.  The  safety  valve. 

7.  The  manhole. 

(See  Haeder,  Baa  Hnd  Betritb  vim  Damspcesseln.)  Bere  also 
it  wonid  lead  too  for  to  consider  the  various  sjstems  of  boilers, 
and  we  will  lata  as  our  single  eiample  Maiim'a  simple, 
compact,  and  efficient  boiler,  designed  for  his  Hying  machine. 

6.  Maiim'a  ateam  generator,  designed  on  the  principle  of 
the  Thornyoroft  boiler,  waa  built  out  of  coiiper  tubes  10  mm, 
in  diameter,  with  walla  O'b  mm.  thick,  tested  toslanda  pressure 
of  156atm.  Since  the  heating  surface  was  71  sq.  m.,  which,  with 
such  thin  surfaces,  could  easily  yield  the  steam  required  (65  kg. 
pet  1  sq.  m.),  tubes  of  a  total  length  of  240ll  m.  were  necessaiy, 
weighing  only  0'13  leg.  per  m.,  making  the  total  weight  of  the 
tubes  312  kg.,  the  total  weight  of  the  boiler  being  6B0  Itg. 

The  fuel  used  was  benzine,  which  was  previotisly  pumped 
into  a  small  vertical  boiler  in  which  it  woa  evaporated;  the 
pressure  iu  this  boiler  was  kept  conslant  at  3'5  atm.  by  an 
automatic  regulating  apparatus.  7350  burners  were  used,  the 
burning  proceeding  (|uit«  regularly,  the  air  being  blown  in  by 
an  injector  worked  by  superheated  ateam,  the  amount  of  ur, 
as  also  the  feed-water,  being  accurately  regidated. 

Regarding  steam  we  may  note : 

7.  £bullition. — When  a  liquid  boils,  the  boiling-point  (at 
which  the  ebullition  commences)  rises  with  the  pressure 
exerted  on  the  liquid  (see  Fliegner's  Tables).     The  pressure 
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(iiiMsaied  usually  Id  stmoepherea  excess  pTessure),  tompenitate, 
and  veiglit  of  toe  ateom  alter  aimultsneously  and  in  the  same 

8.  EUndaof  ateam.— Wet,  saturated,  and  superheated  steam. 
In  wet  Bt«am  there  are  Dnsraporated  droplets  of  water  atill  left, 
i.e.  all  the  water  U  not  completely  evaporated. 

In  saturated  steam  no  moTe  evaparii^oii  of  the  irater  can  take 
place,  i.e.  the  vaponr  mixed  with  the  water  has  attained  its 
maximum  pressure  for  the  corresponding  temperature.  The 
alightest  cooling  brings  about  condensation. 

S.  Satimted  iteam  loses  aa  a  rale  abont  0  5  atm.  in 
preesare  on  its  way  from  the  boiler  t«  the  cylinder  of  a  ship's 
engine,  on  account  of  the  fell  in  temperature  in  the  pipes, 
arriving  in  the  cylinder,  therefore,  satnraled  and  wet. 

A  mass  of  steam  saturated  at  a  given  temperatnre  may  ba 
raised  to  a  higher  temperature  without  any  alteration  of 
volume,  but  is  then  no  longer  saturated. 

If  the  temperature  of  saturated  steam  is  lowered,  some  of  it 
will  condense,  thereby  diminishing  the  pressure,  although  the 
steam  remains  saturated.  If  we  allow  a  given  volume  of 
saturated  steam  to  expand,  and  keep  the  temperature  constant 
by  the  addition  of  heat,  the  steam  ceases  to  he  saturated,  ite 
pressure  and  density  are  smaller  than  those  corresponding  to  its 
temperature,  and  it  behaves,  in  fact,  like  superheated  steam. 

10.  Saturated  steam  ia,  A  priori,  diy  steam,  while  wet  steam 
is  a  variable  mixture,  whose  composition  is  determined  if  the 
ratio  of  steam  and  water  present  is  known. 

It  ia  very  difficult,  if  not  quite  impossible,  to  maintain 
saturated  steam  dir. 

11.  Snperheated  ateam  is  free  from  water.  After  the  last 
particles  of  water  have  been  evaporated  the  supply  of  heat 
IS  continued,  so  that  the  temperature  is  higher  than  that 
of  saturated  steam  of  the  same  density. 

12.  Temperature  of  ebnllition. —The  boiHng-point  depends 
on  the  pressure.  Under  normal  atmospheric  pressare  mercnry 
boils  at  390°  C,  linseed  oil  at  316°,  sulphuric  acid  at  310°, 
sulphur  at  299*,  phosphorus  at  290",  wat«r  at  100°,  alcohol  at 
78-6°,  and  ether  at  37-8' C. 

13.  latent  heat  of  evaporation. — To  convert  1  kg.  of  any 
liquid  into  vapour  a  certain  quantity  of  heat  is  needed,  differing 
for  dilTerent  liquids. 

14.  Let  g  =  th^  beat  stored  up  in  the  liquid,  i.e.  the  beat 
necessary  h>  raise  I  kg.  water  from  0°  to  t",  the  temperature  of 
the  steam. 

IG.  r  =  the  latent  heat  of  vaporization,  i.e.  the  heat  nece8Sat7 
to  convert  1  kg.  water  at  f  iat«  steam  at  (°,  the  temperature  of 
ebullition. 
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Ths  latwit  beat  of  evaporation  of  water  (at  100°  C.)  =  540  cals. 
„  ,,  „  alcohol  =208    ,, 

„  „  ,,  other  =   B8    ,, 

iieet«:»cid  =102    „ 

„  ,,  ,1  turpentine  oil       —   69    „ 

IS.  J  =  heat  stored  ay  in  the  eteam,  i.t.,  the  heat  necessary 
to  turn  1  kg.  irater  at  0°  into  steam  at  (°,  oaauming  no  altera- 
tion in  rolume  to  occur. 

17.  p  =  intenial  latent  heat  =  iDtemal  energy  corresponding 
to  the  alt«ratiou  of  conditiou  or  state. 

18.  Apu=ezternal  latent  heat  =  heat  equivalent  of  the  ex- 
ternal work  overcome  in  the  evaporation  (at  oonatant  pressure). 

IS.  x  =  the  total  heat,  i.e.  the  heat  required  to  convert  1  kg. 
of  water  at  0*  C.  into  ateam  at  1°  C.,  which  is  equal  to  the  heat 
stored  up  in  the  liquid  pins  the  latent  heat  of  evaporation, 
fheat  inliqaid  i 

plus  [   Heat  in  steam. 

Total  beat  i  internal  latent  heat ) 


(he 
in 
eitemallatent  heat 


Pressare  of  Bl«a 

"■  i 

.9 

P 

1" 

1 

1    . 

"Jf 

it 

1 

1 

1       f 
1     ^' 

ii 

Is 

£ 

^ 

a 

1-0 

736 

5       SS-09 

9B-68 

497-05 

40-10 

1-7493 

0-5717 

2-0 

1471 

0     11B-S7 

120-37 

480-78 

41-82 

0-9128 

1-096 

a-0 

2206 

5     132-80 

133-86 

470-30 

42  85 

0-6237 

1-603 

4-0 

2942 

0      142-82 

144-10 

462-38 

43-58 

0-4760 

2-101 

6-0 

3877 

5     150-99 

152-48  456-92 

44-16 

0-8860 

2-590 

S-0 

4413 

0     157-94 

159-33,  460-42 

44-63 

0-3263 

8-074 

7'0 

6148 

6     164'03 

165-88  445-62 

46-02 

0-2814 

3-663 

8-0 

5884 

0      169'46 

171-49  441-32 

45-37 

0-2483 

4-028 

O'O 

66ie 

5      174-38' 176-68;  437'43 

45-67 

0-2223 

4-499 

10-0 

7355 

0     178-89  181-24,  433-87 

45-95 

0-2013 

4-967 

11-0 

8090 

5     183-05  185-66  430-58 

46-19 

0-1841 

5-432 

12-0 

8826 

0      186-94  189-59,  427-61 

46  42 

0-1606 

6-895 

13-0 

9500 

6     190-57, 193-38  424-63 

46-62 

0-1671 

6-356 

14*0 

10297 

t     194-00, 196-94!  421-92 

46-81 

0-1468 

6-S13 
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20.  Steam  does  work  on  eipanaion. 

The  ezpanaiTe  force  p  of  satunted  ateajn  depeuda  on  its 
temperature,  and  ms;  be  calculated  by  different  empirical 
formnlee.      For  preaaurea  of  from  1-4  abn.   experiments  have 

or  (=175  v'p-TS'C, 

For  pressure  abore  1  atmospheree  tbe  following  formula  holds : 

■^     1^  189-8  / 

or  (  =  138-8v'p-3e'8°a 

31.  The  preaaure  of  anperheated  or  unsaturated  steam  follows 
from  Mariotta-Gay-LuBsac's  Law,  where : 


22.  The  pressure  of  saturated  ateam  increases  approximately 
in  seometricol  progression  when  the  temperature  increases  in 
arithmetical  progression. 

Pressure  at  60°      100°    150°       200° 

For  saturated  water  vapour,       B2      780    8880    11695 
alcohol     ,,  220    1895     7258 

,,  ,.         ether       ,,         1270     4S56      ... 

It  is  maoh  more  economical  to  work  at  high  steam  pressqr«e 
than  at  low  ones. 

iZ.  All  gases  diEfer  more  o     ~ 

lOtl^     -.-    -      .1-    .    _ 

from  i 

temperatures,  and  which  we  call  vapoors, 

24,  Iq  the  quantity  kpa,  k  =  ^  the  heat  equivalent  of  the 


where  i= the  specific  volume  of  the  vapour 

'=  „  ..  >•      WatM. 

f.ooglc 
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26.  Ws  hitve  the  following  fandameiitol  eqn&tioiu 


Whence,  since  r=A-j 

r=6l)a-6  -  0-695(  -  0-00002<*  -  fl- 
it h»s  lieen  further  foand  that 

()  =  57B-4 -0'781t  approximately 
Ap«  =  31  ■!  +  98(  -  0-00002(' 

26.  Quantity  of  stekm  uecesBary.— The  qnaotit;  of  »t«am 
neoeasary  per  H.P.  hour  depends  principally  on  the  power  of 
the  engine,  the  admiaaion  pressure  p,  the  clearance  S,  and  the 
terminal  pressure. 

The  ateam  neceaaary  per  hour  can  be  calculated  numBrically 
from  the  following  formula  given  by  Hrabak  (see  Reiche, 
Daaapfmasdiine,  p,  42). 

For  heated  cylinders 

Where 

F  =  J—    the  cross  section  of  the  cylinder  in  sqoare  centi- 

c=\/^  =  the  mean  speed  of  the  piston  in  m.  per  sec. 

s  =  the  piston  stroke  in  metree. 

s,  =  the  piston  stroke  in  m.  during  the  tiill  preBsure  period. 

clearance  apace 

cross  section  of  the  cylinder. 
p,  =  Maximum  pressure  in  the  cylinder  behind  tlie  piston. 
i)  =  El£ciency  of  the  engine. 

27.  The  tota!  consumption  of  steam  in  an  engine  is  made  up 
of  the  steam  usefully  employed  and  the  steam  lost 

(a)  The  uaeful  conaumption   in  leg.   per   hour  in   a  single 
cylinder  engine  is  given  by  : 

where  7  and  7'  are  the  weights  of  1  cb.  m.  of  the  ateam 


Hd 
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at  admisdoD  uid  eihaaet  respectively ;  with  the  aid  of 
the  eqimtiou— 


mption  per  iodicated 


-■"=S=fl(*--)'-"'-f* 


B  principally  from  the  cooling 
i  to  a  emaUer  extent  owing  tS 
leakages. 

3d.  The  numerical  calculation  of  the  waste  steam  is  very 
ditGcult,  and  sanuot  be  determined  on  purely  theoretical 
gronuds. 

I  7.  OONDEiraAIION. 

1.  A  body  may  lose  beat  both  by  radiation  and  convection, 
the  rate  of  cooling  being  proportiotial  to  the  aiea  of  the  cooling 
enrfaoe.  The  rate  of  cooling  is  measured  by  the  qoantity  of 
heat  escaping  per  nnit  anrface  in  unit  time.  If  the  area  of  the 
cooling  surf^e  is  A,  then  the  total  quantity  of  heat  escaping 
par  unit  time : 

2.  The  heat  radiated  is : 

W,  =  Uia'(o»-l)A, 
where  a  =  l-0077,  I  is  the  temperatQie,  on  the  absolnte  scale, 
of  the  surrounding  space,  t,  that  of  the  cooling  body,  8  =  1,  ~  I, 
andu,  ia  a  coefficient  of  rsdiatian  depending  on  the  natm^  of  the 
radiating  surface. 
The  heat  lost  by  convection  ia ; 

Wj=u,e°-»«A, 
where  Uj  ia  a  coefficient  of  convection  depending  on  the  form  of 
theooolmg  body.     The  powers  1-0077',  1  ■0077*  and  «<f»«  may 
be  txken  Irom  the  table  on  next  page. 

If  the  cooling  surface  A  is  measured  in  square  metres,  and  the 
unit  of  time  ia  taken  as  I  hour,  then  the  following  values  may 
be  asaumed  for  u, : 

For  polished  iron,    Ui=  5S-3 

opper,  ,,  =  19-8 

lOliahed  brass,  ,,  =  32*2 

silver,  „  =  16-2 

„  itlasa,  „  =Sfl2-S 

„  lampblack.        „  =600'0 


, ,   polished 
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';T;r 

1-0077* 

e-w 

Tomperatnre 
e  degree. 

1-0077* 

e<'-m 

10 

1-080 

1-710 

110 

2-285 

2-990 

20 

1-196 

2-010 

120 

2-610 

8-061 

80 

1-2ES 

2-200 

ISO 

2-711 

3-108 

40 

1-36S 

2-862 

140 

2-927 

8-168 

GO 

1-487 

2-488 

IBO 

3-180 

3-214 

60 

1-684 

2-688 

leo 

8-412 

3-268 

70 

1-711 

2-691 

170 

3-834 

3-809 

80 

1-847 

2-778 

ISO 

3-978 

3-853 

SO 

1-994 

2-863 

190 

4-296 

3-398 

100 

2-lGS 

2-824 

200 

4-887 

8-437 

8.  AiT-shipa  wliicli  remain  aloft  for  long  periods  sie  not  in  a 
positioD  to  renew  tba  feed  or  cooling  -water,  and  they  must  take 
with  them  a  certain  quantity  in  a  perfectlypure  condition  at 
the  beginning  of  the  voyage ;  this  haa  to  suffice  until  the  next 
laDdiDg-place  is  reached.  Thi9  necessitateB  the  ateam  being 
condensed  on  the  air-ship  itself. 

Id  laroe  air-ships  air  condensers  are  used.  These  consist  of  a 
system  of  tubes  with  relatiTely  large  mirfaoes,  which  are  swept 
against  by  the  air  so  that  the  steam  within  them  is  cooled 
sufficiently  to  condenas  it.  The  data  of  different  eiperimentors 
on  the  efficiency  of  air -condensers  are  very  varied  in  character. 

4.  According  to  Grashof  (in  an  article  on  steam  heating)  the 
necessary  surface  A,  to  carry  away  a  given  quantity  of  heat  W, 
is  given  byA=— -^^^ — .,   where  (  is  the  temperature  of  the 


For  steam  at  atmospheric  presanre  and  air  at  2S°,  1  -6  kg.  of 
steam  would  be  coudenaed  per  sq.  m.  per  hour. 

G.  Wenham  proposed,  at  the  Aeronautical  Club  in  London, 
thense  of  an  air-injector  condenser.  He  proposed  to  force  air  by 
meana  of  a  fun  into  the  eihauat  chamber. 

DiaadvaiUage. — Tho  air  must  find  its  way  into  the  open 
again,  and  carries  water  -with  it  and  will  not  maintain  a  -vacuum, 
but  only  produce  a  partial  recovery  of  the  back  presaure. 
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the  steam  engine  to  do  it.  TomUusou  thought  thftt  at  least 
holt  the  Bt«aia  escaped  iato  the  air  during  the  process. 

7.  Foppei  states  that  the  apoutaneouB  cooling  eOect  of  sir  foi 
tubes  lying  horizontally  ia  almost  exactly  twice  as  groat  as  for 
tubea  placed  vertically,  since  in  the  first  case  there  are  a  whole 
aeries  of  currents  set  up.  nhile  in  the  aecoud  case  there  is  only 
one  upward  current  of  air  prodooed.     Att  =  20°  in  a  horizontal 

C'tion  two-thirds  of  a  kg.,  and  in  a  vertical  position  one- third 
^  ,  of  steam  were  condensed  per  sq.  in.  per  hour.  If,  however, 
the  vertical  condenser  was  cooled  by  a  small  fan,  3  t«  3J  times 
as  much  steam  was  condensed,  namely  I  '2  kg.  or  more  per 
sq.  m.  per  hoar.  The  use  of  bellows  for  air  cooling  or  of 
large  flat  surfaces,  which  are  cooled  by  air  atriMng  them 
parallel  to  the  surface,  has  not  been  found  practiML  It 
IS  beat  tA  cool  the  steam  directly  by  means  of  the  aii  onmnts 
produced. 

In  gradually  increasing  the  velocity  of  the  coaling  air  a  limit 
in  the  gain  in  cooling  power  aa  compared  to  the  expenditure  of 
work  ia  soon  reached. 

In  one  experiment  the  area  of  a  Popper  condenser  was  two- 
tiiirds  of  a  aq.  m.  It  consisted  of  144  tubes  each  10  """  in 
diameter.  Without  any  artificial  dranght  0'6-0'6S  kg.  steam 
per  sq.  m.  per  hour  was  condensed,  the  temperature  of  the  air 
being  IS-ie'  C. 

On  using  a  bn  the  amounts  condensed  were  for : — 
n=  36(^400  revs,  per  min.  1-044     kg.  Temp,  at  exit,  85"  0. 
„      830  „  1-15         „        „        „       82"  C. 

„    1280  ,,  1-8  „         ,,        ,,       BS°C, 

„     1400  „  2-0-2-25,,  „  ,,        43*0. 

A  pressure  ian  was  found  to  be  less  efficient  for  condensing 
uurposea  than  a  vacuum  fan  in  the  ratio  1'22:17,  i.e.  it  is 
better  to  suck  the  air  through  the  condenser  than  to  force  it 
through. 

8.  D^mler  has  attached  to  hia  meter  au  aii  condenser,  con- 
sisting of  a  til  in  metel  drum,  through  which  a  large  number  of 
parallel  thin  and  thin-walled  tubes  are  passed,  between  which 
the  steam  passes,  At  the  bock  is  a  fan  which  serves  to  suck 
the  air  through  the  tubes. 


g  S.  INTEONAL  OOKBUBTIOH  ENODIES  (0A8  AHS 
on.  ENQINE8). 

1.  The  oombuation  in  these  engines  may  teke  place  suddenly 
(under  constent  volume),  as  in  an  ordinary  gas  and  oil  engine, 
or  under  constaiit  preaaure,  tta  in  the  Dieai;!  engine. 

27 
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2.  The  patrol  motor  his  reached  a  very  high  ataU  of  efficiencjr 
in  connection  witb  the  motor-car  indnat^,  and  in  the  meantime 
appears  to  be  the  only  avsilaWe  prime  mover  for  air-ahips  or 
flymg  machines.  One  looks,  however,  for  an  improTemant  in 
the  £rm  of  a  li^ht  electric  motor. 

3.  Principle  of  action.— Four- stroke  Otto  cycle.— The  ex- 
ploeiye  miiture  may  oonaist  of  gaa  and  air,  or  oil  vapour  and 
air,  which,  when  eijiloded,  produces  a  force  directly  on  the 
piston.  The  motion  of  the  piston  is  converted  by  means  of  a  oon- 
nectinK  rod  and  ctaak  in  the  usual  manner  into  a  rotary  motion. 

(1)  Drawing  in  the  mixture  during  one  whole  stroke  of  thu 

(2)  Comprosaion   during   the   return   stroke   (into   t 

(1)1, 

the  third  stroke. 
(4)  Discharge  of  the  burnt  gaaea  from  the  cylinder  during 

the  fourth  and  last  [HcavengingJ  stroke. 
This  "  four-stroke"  cycle  of  operations  is  now  used  in  almost 
■II  gas  and  oil  engines.  An  engine  having  an  impulw  every 
two  strokes  is  also  used,  but  so  far  experieoce  has  favoured  the 
adoption  of  the  four-stroke  engine.  For  the  details  of  the  two- 
stroke  motor  resource  ma;  be  had  to  the  usual  text-books  on 
tJie  subject  {see  below). 

4.  Principal  parte  of  the  fonr-stroke  cycle  engine. 
(a)  Frame, 
(i)  Cylinder,  with  piston,  connecting  rod,  and  crank-shaft. 

(c)  darbnrettar. 

(d)  Igniter  or  sparker. 

(t)  ^Ives  and  goveraots. 
(/)  Cooling  arrangements. 
(3)  Lubricating  arrangementa. 

(a)  Frames, — The  frames  usually  consist  of  channel  iron, 
which  baa  great  stiffness  in  comparison  with  its  weight.  Mag- 
nalium  is  occasionsUy  used  on  account  of  its  tightness. 

(b)  Single-cylinder  engines  of  the  vertical  type  are  preferable 
to  those  of  a  horizontaJ  type,  and  are  in  general  the  only  onea 
1q  use  for  aeronaatical  work. 

It  is  essential  to  have  the  engine  as  well  balanced  as  possible. 
This  is  attflmpted  iu  varioua  ways. 

When  the  cylinders  can  ba  arranged  to  do  away  with  balance 
weights  a  corresponding  saving  In  the  weight  of  the  engine  la 
obtained.  By  having  three  or  four  cylinders  the  motion  ia 
more  regular  and  the  engine  is  more  completely  balanced. 
Four-  and  six-<^linder  engines  are  rapidly  displacing  those 
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vaporised.  The  petrol  is  either  farced  by  air  prassnre  into  the 
oubaretter,  or  the  petrol  t&nk  is  placed  higher  so  aa  to  ensure 
■  gravity  feed. 

A  conatuit  height  of  petrol  ia  maintained  in  the  Soat  chamber 
by  means  of  a  needle  vaWe  which  paases  throaeh  a  tubs  in  the 
Boat.  Many  devices  Imve  been  introducea  to  ensure  the 
palveriaation  of  the  petrol  by  causing  it  to  impinge  against 
wrrated  cones  and  perforated  diaphragms  (see  Teit-books  for 
detaUs  of  carburetCen).  The  vaporised  gas  gets  thoronghlj 
mixed  with  the  incoming  air  before  entering  the  cylinder. 

All  carburetters  should  have  >  heating  jaoltet  ronnd  the 
mixing  chamber,  as  the  intense  cold  caused  by  the  evaporation 
freezes  the  moisture  in  the  air  and  so  chokes  up  the  working 
parts.  As  a  rule  heated  air  obtained  from  the  vicinity  of  the 
exhanst  pipe  is  used  for  this  purpose. 

(d)  IgivUion. — The  system  iu  general  use  is  known  aa  the 
high-tension  aystem.  To  obtain  the  spark  at  a  firing  plug 
the  current  is  conducted  through  a  make-and- break  device 
fitted  on  the  half-time  shaft  of  the  motor.  This  device  consists 
of  a  ring  of  wood  fibre  into  which  metal  atiipa  are  fitted, 
having  terminals  to  which  storage  cells  are  wired.  The  cnirent 
is  then  conducted  through  the  induction  coil,  fitted  with  trembler 
blades,  and  from  it  to  the  sparking  plug,  the  circuit  being 
oompleted  through  the  engine.  This  system  requires  little 
iittention  beyond  being  kept  clean. 

Magneto  ignition  is  now  coming  greatly  into  use,  a  better 
spark  being  obtained.  A  shield  having  slots  cut  in  it  is 
mounted  between  the  magnet  and  the  armature,  and  is  made 
to  oscillate  by  means  of  a  small  crank  or  eccentric  on  the 
engine  shaft  The  shield  interrupts  the  lines  of  force  from  the 
magnet,  and  as  it  oscillates  the  current  is  alternately  made  and 
broken,  the  current  being  conducted  to  a  make  and- break  device 
in  the  o'lindar  head. 

(e)  The  inlet  valve  is  worked  entirely  automatically,  whereas 
the  exhaust  valve  is  operated  mechanically. 

(/)  We  may  distinguish  between  air  and  water  cooling. 

Air  cooling  is  accomplished  by  providing  a  large  area  of 
cooling  surface.  A  fan  is  used  to  bring  air  in  contact  with  the 
cooling  surface. 

Waier  cooling,  however,  is  more  efficient.  The  water  after 
paaains  through  the  cylinder,  where  it  gets  heated,  is  led 
through  a  radiator,  which  ia  designed  to  have  a  very  lam 
oooling  surface.  The  water  ia  preferably  pumped  through  iCa 
oiiouit.  The  thermo-syphon  system  is  also  adopted,  aim  has 
proved  very  efficient. 

It  is  oBsential  that  the  walls  of  the  cylinder  be  kept  cool, 
otherwise  the  efficiency  falls. 
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(g)  Lvbrieating, — Excellent  resolta  have  b«en  obtained  from 
the  Bplash  ajateia,  fed  from  a  ddefeed  lubricator,  wMch  can 
be  set  to  eiTe  ao y  number  of  drops  per  mmnta.  Pipes  are  led 
to  the  mam  beannga  and  also  to  a  positiaa  ao  aa  to  drop  oil  on 
to  the  coanectiiig-rod  «udB. 

i,  Tha  principal  conaiderations  in  the  design  of  an  iutenul 
oombnjitdon  engine  suitable  for  air-ships  are : — 
(a)  Beliability. 

(()  Small  weight  per  unit  of  power, 
(e)  Absence  of  vibratioiu 

0.  In  order  to  get  an  engine  of  small  weiffbt  to  develop  a 
given  H.P,,  it  is  essential  that  the  speed  be  vety  gimt. 
Modem  petrol  eDginee  run  successfully  at  speeds  from  1000- 
ICOO  reva.  per  min.  These  engines  have  been  mnning  for 
years  without  any  sign  of  nndue  wear . 

A  petrol  engine  running  at  1600  revs,  per  min.,  and 
baring  a  stroke  of  120  mm.,  has  a  piston  speed  equal  to 
M      1500  X -12      _       ^  , 

-=j= 5g =  t  metres  per  second. 

A  petrol  engine  having  a  l|-inoh  nickel-steel  orant  running 

,,«„  ■      1.        ,.      -  _r  J       8-68  X 1600 

at  1600  revs,  per  nun.  has  a  bearing  snrtace  speed  =  jg 

=  441  ft.  per  min. 

The  above  speeds  are  well  within  those  reached  hf  a  modem 
locomotive  going  at  sixty  miles  an  hour. 

7.  In  four-stroke  cycle  motors  the  H.P.  is  i^veo  by  the 
fonnnla: 

where  i^  —  diametor  of  piston  in  metres, 
j  =  the  piston  stroke  in  metres, 
N,  =  tha  effective  power  in  H.P. 
Test-books. — A  Practical  Treatise  on  Modem  Oas  and  Oil 
SitgiJiM,  by   Frederick  Grover.      Matioheater  :  The  Technical 
Foblishing  Co.,   Ltd.     The  Steam   Engijie  and  Oas  and  Oil 
Engines,  %y  John  Perry.     London  :  Macmillan  S  Co.     The  Oas 
and  Oil  Engine,  by  Du^eld  Clerk.     Loodon  ;  Longmans  &  Co. 
Oat  and  Oil  Engines,  by  Brigan  Donkin     London :  Griffin  k  Go. 
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CHAPTER  XV. 

ON  AIR-SCEEWS. 

Bt  Uajok  Hebhanh  Hobbmss. 

g  1.  OLASSOTCAnON  OF  AXEUSOBEWS. 


w  of  great  pitch,  and  of  conaiiienible  depth  relatively  to 
tha  pitch. 

(o)  Aooording  to  thHr  emiMractiim. 

Simple  Screws. — The  blades  are  arranged  on  the  circum- 
fereuoe  of  the  boss. 

Multiple  Serewfi,— The  blades  are  fastened  along  a  ahaft  at 
certain  distODcee  bom  one  another. 

Thev  may  also  be  attached  to  separate  shafts    placed   in 
paralld,  in  which  cose  the;  are  aimple  mnltiple  screwa. 
ooiB   •  I  |,ij([gj  screws,  accordine  to  the  number  of  blades  on 


the  simple 


ITS,  if  there  are  simple. 


Eight-  \ handed  screws,  acwirding  as  the  screw  conforms  with 
Left  -  /     a  right-  or  left-handed  helix, 
(i)  AcffiTding  to  (heir  adirni. 

lifting       1  Twith  a  vertical       'J 

^^^  I  [   screws  j  with  a  horizontal   lane. 
Universal  J  (.with  an  inclined    J 


422  POOKKT   BOOK  OF  AESONAtTrtCS 

3  2.  GEOHEIKIGAL  ELGttEHTS. 

The  helix, — The  trace  of  a  point  moving  nnirorml;  round  a 
ejlinder,  at  the  same  time  ascending  at  b.  uaiform  rate. 

Let  ;^length  of  helix, 

d  -  diameter  of  cylinder, 
h  —  heijtht  of  cylinder, 

then  i=VTS(p+A', 

The  pitch  of  the  Borew.— Bise  in  one  oomplete  ti 
distance   tbroa^h   which  it  would  advance  in  one 
revolution,  jn'ovided  it  revolved  u 
as  a  solid  nut 

To  draw  the  helli,  —Divide  the  circumference  of  the  cylinder 
in  plan  and  also  the  pitch  in  elevation  into  n  equal  parta.  The 
points  of  intersection  of  vertical  and  horizontal  lines  throogh 
corresponding  points  lie  on  a  helix. 

The  triangle  of  pitch  is  formed  by  the  developad  piteh  line 
for  one  complete  revolution  of  the  screw  as  hypotbenase,  the 
developed  circumference  and  the  pitch  as  the  base  and  perpen- 


e  is  obtained  by  the  progressive  rotation  of 
a  straight  or  curved  line  on  a  screw  line  or  helix. 

Rane  of  projeotloii. — The  plane  perpendicular  to  the  ozia  of 
the  screw. 

Planes  of  axis. — The  planes  passing  through  and  including 
the  axis. 

w  surfaces  are  obtained  when  the  generating  lins  is 


is  inclined  acutely  to  the  axis. 

Axil  of  Borew. — The  straight  line  about  vbioh  the  generating 
line  is  moved. 

g  3.  THE  BLADES. 

The  blades  of  the  screw  form  a.fraction  of  the  whole  screw 
surface. 

Bight-handed  screws. — The  screw  thread  runs  along  the  axis 
from  left  to  right,  from  below  to  above,  seen  from  above. 

Left-handed  BorewB.  ~-The  screw  thread  runs  from  right  at 
the  bottom  to  left  at  the  top,  seen  from  above. 

(Trade  and  French  ships  have  right-handed  propellers,  war- 
ships, eicBpt  the  French,  left-handed  propellers. ) 

Vertical  distance  of  the  screws. — The  broader  and  longer  the 
blades,  the  greater  the  piloh,  the  greater  the  angular  velocity 
and  the  wider  apart  the  screws  must  be  ;   the  distance  depends 


on  the  geneniting  line  and  on  the  smugemest  of  the  screw 

Number  of  blades. — Fixed  b;  tlie  pressure  lei^uired. 

Blze  of  blades. — Must  be  detennined  by  eiperunent 

Spacingof  blades.— At  90°,  120°,  or  180°. 

Araa  swept  out  by  blade  per  revolution,  Ft  =  .^(D*-(i'),  D 


iroftl 

FroJMtsd  Horew  inrface.— The  anrfftoe  of  the  blades  pro- 
jected into  one  plane  (perpendicular  to  the  axis). 

Forms  of  blade  snifacea.— Trapeae-shaped  (old),  sector, 
quadrilateral,  triangular,  ete. 

The  shape  inSuences  the  propulsion,  friction,  and  the  forma- 
tion of  eddies. 

The  ratio  of  the  actual  area  of  the  whole  blade  surfaoea  of  the 
Bcrsw,  to  the  whole  area  of  one  complete  pitch  of  the  screw 
surface,  is  termed  the  fraction  of  the  screw  area/, . 

The  ratio  of  tha  area  of  one  blade  surface,  to  the  whole  area 


fraction 


flel*  pitch  ot  the  screw  surface,  is  termed  the  partial 
the  screw  area/,. 


/.  =  !-,   fete. 
Length  of  blade :  1= — —, 

Total  length  of  blade3  =  il,  where  i  is  the  number  of  blades. 
Strength  of  blade  {h),  its  greatest 
thicliness. 

If  P  =  thrust  on  the  circumference    , 


;r  of  tie  abaft, 
7i  =  the  modulus  of  rigidity 
shaft. 


lepth 
bladf 

2       32        " 
whence        ^  =  \/2     ■■r. 


f.ooglc 
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Strength. — The  length  acd  diuneter  must  be  determined  by 
the  theory  of  structures. 

Method  of  attsohing  the  bladefl. — By  welding  on  plate- 
shaped  dieos  and  BcrewB. 


g  1.  TEE  DIAMETEB  OF  THE  8CBEW. 

1.  The  dependence  of  diameter  on  the  number 


le  depei 


dependence  of  diitmetor  oi 

reustance 
i.  The  dependence  of  diamater 

placement  resistance 
I.  The  dependence  of  diameter  on 

of  vibrations  per  second 
.  The  dependence  of  diameter  oi 

of  screw 
L  The  dependence  of  di&meter  on 


.  the  surface 
on  the  dis- 
tbe  number 
I  tbe  weight 
the  iucllna- 


s  determined 
by  praoti- 
ciil  trials, 
aleoinnut 


%  5.  FITOH  OF  BOKEW. 

1.  The  length  of  a  complete  thread  measured  ol 

2.  Oonstont  pitch.— When  the  pitch  is  the  soi 
(fig.  UO). 


«=citCTmiference  of  the  screw  circle, 

;= developed  helix, 

A = pitch  of  screw, 

a=piteb  angle  or  angle  of  screw, 


Hean  peripheral  pitch.— The  arithmetical  maas  of  ha  and  hi. 

i.  Badially  varying  pitch. — All  pointa  of  the  seaerating 
line  which  lie  beyond  the  boss  have  a  emsUer  piteh  than  those 
nearer  the  circumference. 


S  i.  FOBUS  OF  SOB£WB. 

1.  The  mathematioal  sorew.— -Projection  of  blade  the  seotor 
of  a  circle.  Bladea  rounded  and  mofltly  of  conatant  pitch  at  lie 
boss.  Disadvantage ;  friction  and  windage  large,  big  centri- 
fugal motion  of  the  air.  Advantage :  easily  made  without 
models,  and  therefore  cheap. 

2.  The  new  French  screw.— Constant  pitch,  straight  line  as 
generating  line,  centre  line  of  the  screw  surface  an  Archimedes 
spiral.  Advantage  :  limitation  of  Centrifugal  motion  of  the  air, 
mminution  of  windage. 

3.  TheHanginecrew.— Atwo-bladedmathemBticalscrew,in 
which  each  blade  is  divided  in  halves  by  a  plane  through  a 
normal  to  the  axis.  One-half  is  set  immediately  behina  the 
other  on  the  shaft.  Usually  have  a  varying  peripheral  pitch. 
Advantage :  small  breadth  of  blade. 

4.  The  Qrlfflth  wtrew.— Spherical  bosa  of  diameter  one-thiid 
of  the  diameter  of  the  propeller  blades,  generating  line  in  the 
plane  of  the  axis,  a  straight  line  up  to  the  middle,  then  a 
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e  circamfereuoe,  btesdth  of  bkde 


5.  fas  Qinch  screw. — The  blodea  ars  curred  forward,  the 
aziB  of  the  blade  beine  approxiniately  e,  spintl  curve,  instead  of 
the  usual  atrsight  Kqs  ;  generating  tine ;  an  Arohimedea 
spiral  in  the  plane  of  prqjection.  The  projeotfid  blade  surface 
is  Bjmmetrical  with  respect  to  the  generating  line,  the  pttfb 
increases  towards  the  eiroumference,  and  there  are  other  min»r 
peculiarities.  Advantages:  little  windage,  great  velcwity.  Dis- 
advantages :  complicated  screw  ;  does  not  reverse  well. 

S.  The  Thomycroft  acrsw. — The  geoeratingline  In  the  plane 
of  the  axis  is  carved  backwards,  ha-h,  constant,  blades  umilsi 
to  those  of  t^e  Oriffith  screw  in  the  plane  of  projection. 

7,  The  PepaDd  screw,  also  known  as  the  vane  screw,  only 
the  lim  consists  of  rigid,  the  blades  being  of  loose,  material 


g  7.  THE  SLIP. 

1.  The  slip  is  the  difference  between  the  velocity  of  the 
propeller  and  that  of  the  air-ship. 

2.  The  true  slip.  —  The  difference  between  tbe  velocity  of 
the  ail  thrown  behind  by  the  sfirew  and  its  enti;  velocity  c 
(air-ship  velocity, ) 

Or;  the  acceleration  which  the  air  entering  the  propeller 
receives  in  the  opposite  direction  to  that  of  the  air-ship. 

3.  The  apparent  slip  may  be  divided  into  the  positive 
and  negative  slip.  The  apparent  slip  ia  the  difference  between 
the  velocity  of  the  pcopEller  and  the  velocity  of  the  air-ahip. 

4.  The  positive  slip  is  the  apparent  slip  as  long  as  it  remains 
a  positive  quantity. 

u  =  velocity  of  the  propeller  in  m.  per  sec, , 
ti  =  velocity  of  the  air-ship, 
u-v  —  slip  of  the  screw, 

g—   -    "  =  slip  of  the  screw  eipresscd  as  a  fraction  of  the 
speed  of  the  screw, 
_100(»-P) 
r =  percentage  slip. 

6,  The  negntive  slip  is  the    apparent   slip   if   v>u,    and 
indicates  a  very  small  efficiency. 
6.  Calcniatioo  of  the  true  skp. 
Let  «=velooity  of  the  cmreut  entering  the  iciew, 
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u-v  +  xv=u-v{l-x), 
or  as  k  percentage  of  the  velocity  of  the  screw, 
]OQ[tt-t.(l-a)] 

pi= -^ ; 

or  if  ft = pitch, 

"  ~  60  '''*''  "  ■*  ^^^  namber  of  revolutions  per  minnte 
100  (ft«-  60 17) 

P= ^ P«f  cant., 

whsre  «  is  given  in  metres  per  second. 

7.  Fremmville's  experimenta  on  slip  i^The  elip  increases  with 
the  .resiatance,  alightlv  with  the  rata  of  revolution,  aad  with 
the  pitch  (!).  Hence  large  screws.  It  Increases  with  a  diminu- 
tion of  tlie  length  ;  the  namber  of  blades  is  without  influence 
as  long  as  their  length  remains  constant. 

8.  According  to  Sennet  the  slip  diminishes  with  an  increase 
of  the  blade  length. 

The  slip  diminishes  very  rapidly  until  the  length  (breadth) 
is  30  per  cent,  of  the  piteh.  In  iaoreasing  the  length  (breadth) 
between  3D  per  cent,  and  7S  per  cent,  of  the  pitch,  the  slip 
diminigliea  more  slowly,  and  if  the  length  is  increased  beyond 
7S  per  cent,  remains  practically  unaltered. 

Whether  and  how  far  results  of  observations  on  screws  in 
water  may  be  applied  to  air  screws  has  yet  to  be  determined. 

g  8.  SPECIFICATION  OF  THE  SCBEW. 

A  certain  number  of  parts  must  be  specified  for  ev«ry  screw. 
It  is  best  to  enter  in  tabular  form  all  the  specified  and  con- 
seqoently  known  parte. 

For  eveiy  screw  which  is  intended  to  be  made  with  scientiSc 
ftccuraoy  we  must  have  given ; 

1.  The  type  of  screw. 

2.  The  form       \     c ..  *:      i- 

3.  The  position  /  °^  ^^^  generabng  line. 
i.  The  form  \ 

5.  The  number  [-  of  the  sets  of  blades, 

e.  The  vertical  distances  ) 

7.  The  form  and  diameter^ 

8.  The  position  I  „fv.uj»= 
a    Ti,-^„f«nFr,«™.„.e   j-M  blades. 
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11.  The  angle  of  pitch. 

12.  The  aetnal  pitch. 

13.  The  longitnduuJ  \       y^ 
U.  The  oroee  /  '^°""- 

■IG.  Thenuterul. 

16.  The  form  of  boss. 

17.  The  total  weight 

18.  The  number  of  revolatjoos. 

In  oonneotjou  with  thrae  ^arta  we  moat  note : 
to    2,  if  the  genenting  line  IB  •  stnught  line. 

„  „  is  a  simple  corred  line. 

„  „  is  a  complex  cmred  line. 

to    3,    „  „  is  ut  aX  Tight  angles  to  the  axis. 

„  ,,  is  inolined,  and  if  so  at  what  angle 

to  the  axis. 
to    4,  if  the  eorew  is  risht-handed. 

„  „      len- handed. 

to    S,  need  only  be  specified  for  mnltiple  screws. 
to    7,  eithei  the  projected  or  the  developed  snrfaoe   of  the 

blade  moat  be  shown  by  a  drawing, 
to   3,  with  respect  to  the  aiis. 
^    '''^'*''^}bladed. 
ifmoltiple-bladed. 
to  10,  if  it  most  haveaoonatant  1 

I.  "  •'       ™aiai         J-    „f;h,™^„H,„ 

„  „  „      penpheral  I 

and  nulial  J 

to  11,  expressed  by  tan  ■  =  — j. 


of  its 


[  of  the  h 


to  IB,  on  aoooont  of  the  surface  friction  1^ 
„  „       elasticity  f 

to  16,  given  by  dtawinga.      Height,  diameter,   strength,   and 

to  17,  The  weight  of  the  boss  and  screw. 

If  we  wish  to  specify  a  screw  precisely,  all  the  above  given 
parts  must  be  given  in  detail.  This  is  best  accomplished  with 
the  aid  of  a  table,  anch  as  that  given  on  p.  129. 

g  S.  PBOPULSION. 

1.  All  air  sciows  set  the  air-ship  into  motion  by  the  forwud 
reaction  of  the  current  of  air  thrown  oat  behind.  Thii  reaction 
is  communicated  by  the  propeller  to  the  air-ship,  and  is  egnal 
and  opposite  to  the  resistance  for  oniform  velocity  of  the  air-ship. 

2.  Thesiu^eparticlesofthecurrentofairactedaponbytlieur 
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(crew  entei  the  propeller  with  a  velocity  of  i>  metres  per  second, 

equal  to  tie  velocity  of  the  air-sliip,  are  accelernted  bj  it,  and  are 

throim  out  behind  with  a  greater  velocity  V  metres  per  secoDd. 

The  inorease  in  the  velocity  of  the  air  is  therefore 

»  =  V-ifm.  per  BOO. 

5.  If  the  current  of  air  has  a  cross  sectional  area  of  F  sq.  m. , 
then  FV  cub.  m.  of  air  enter  the  propeller  per  second. 

If  1  ob.  m.  air  weighs  7  kg.,  and  gin  the  acceleration  of 
gravity,  then  the  mass  m  of  air  thrown  behind  by  the  propdler  is : 

9 
4.  According  to  the  law  of  momentum   "  the  impulse  of  s 
force  P  acting  for  b.  time  f  ie  equal  to  the  increase  of  momentum 
which  the  mass  m  acted  on  receives  in  this  time,"  or 

P(-m(V-«). 
If  the  time  t  Is  taken  as  1  second,  tben  the  force  or  pressure 
exercised  by  the  mass  m,  moving  with  acceleration  5  =  V  ~  o 
ID.  per  sec*  in  the  direction  of  its  motion,  equals  the  reaction  of 
tjie  current  of  air  moved  by  the  air  screw. 

P=m(V-r)kg.m.peraec.' 

or  P=iFV(V--')  in  kg.  weight.      .       .     {■) 

9 

As  soon  as  the  motion  of  the  air-sbip  has  become  uniform  the 

reaction  or  forward  thrust  P  of  the  propeller  is  equal  to  the 

head  resistance  E. 

The  work  done  by  the  resbtance  of  the  ship  moving  forwards 
with  a  velocity  of  v  m.  per  sec.  is  therefore  : 

? 

6.  On  the  assumption  that  all  particles  of  the  air  current 
enter  the  propeller  with  the  velocity  v  of  the  airship,  and  are 
uniformly  accelerated  by  it  until  the  velocity  is  V  =  ii-l-i,  tben 
Uie  path  traversed  in  unit  time  by  the  propeller  in  overcoming 


The  propeller  performs  therefore  an  amount  of  work : 


■')■■ 


i,e.  in  addition  to  the  work  R«  given  in  the  formula  {a},  we  most 
take  into  aoconnt  the  work  U -i-  necessary  to  bring  about  the 


2         \    3    y         3      2'         ' 
for  tho  kinetic  energy  posaessed  bj  the  current  of  air,  leaving 
ths  »lr  screw  with  the  velocity  V. 

This  work  or  kinetic  ene:^  represanta  the  loas  of  work  in 
the  propeller,  and  is : 

Rl^  =  3eV{V-i>?        .        .        .     (8) 

6,  The  work  L,  which  must  be  supplied  to  keep  the  air  screw 
io  motion,  ia  now,  neglecljnc  the  fncdon  and  windage,  equal 
*o  this  loss  of  energy  and  the  work  done  in  overcoming  the 
of  the  ship,  or 

=  2FV{V--t.«)m.kg {y) 


L  total  work  of  the  propeller 

_  uflcful  work 
total  work 


»'FV{V«-t^) 


This  is  the  maiimum  efBoienc;  which  can  possibly  be  attuned 
by  the  air-ahip,  and  ie  based  on  the  aaaumptiou  that  the  whole 
of  the  air  set  into  motion  by  the  propeller  is  thrown  out  behind, 
and  works  without  friction  or  windage,  conditions  which  are 
obviously  never  fulfilled  in  practice.  If  V^ii,  then  „  =  I,  i.e. 
the  velocity  of  the  current  thrown  out  of  the  air-screw  is  equal 
to  the  velocity  of  the  airship,  in  which  case,  neglocting  friction 
and  windage,  there  is  no  loss  of  acetgy  in  the  propeller.  In 
this  case  &&  acceleration  of  the  current  of  air  ia  sera,  and  as 
there  is  nn  reaction  (-y)  —  0. 

8.  From  the  fonnula  (a)  we  may  see  that  the  reaction  of  air 
screws,  under  otherwise  similar  conditions,  depends  principally 
on  the  product  FV.  The  smaller  V  is,  the  greater  F  most  be, 
and  since  the  efGcienoy  of  the  propeller  becomes  always  greater 
the  smaller  V  is  made,  it  follows  that ;— 
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"  ThoBC  Bir-BCNtTB  wMch  move  a  atreom  of  air  of  tlie  greateat 
cross-section  irith  the  Bmallest  velocity  are  theoretioBll;  ths 
most  efficient  for  a  forward  movemeat" 

S.  It  IB  advisable  to  make  the  crosa-Bectioii  F  of  the  air 
leaTing  the  proueller  as  great  as  possible,  bo  that  V,  its  velocity, 
lall  aa  poadble. 


g  10.  *Tft  80EEWS  ALBEADT  TESTED. 

I  have  been  ap[>lied   to  navigable 
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JoTolimek  lias  ^ven  the  following  facts  relating  to  til  screws, 
boEed  QD  Biperimental  trials  :— 

1.  The  bltwlea  of  a  propelling  screw  must  have  extremelf 
small  pitch  angle  for  very  nigh  rates  of  revolution. 

2.  In  order  to  reduce  tne  weight  of  the  blade  per  unit  area  to 
a  minimnm,  BVBteinB  of  many  small  blades  must  be  used  instead 
of  a  few  large  blades. 

3.  Id  order  to  obtain  th«  most  favourable  results,  the  pro- 
portion between  the  angle  and  the  velocity  of  the  blades  must 
fulfil  a  certain  mathematical  condition. 

4.  In  order  to  attain  a  given  driving  force  with  a  given 
miuunum  blade  angle,  the  weight  of  the  motor,  including  ports, 
must  be  taken  as  equal  to  double  the  weight  of  the  flying 
apparatus. 

5.  If,  on  the  contraiy,  only  the  weight  of  the  motor  or  only 
the  weight  of  the  blades  is  to  be  a  minimum,  the  ratios  of  the 
weights  must  be  different. 

6.  The  screws  are  made  of  sheet  steel,  alomiuium  olTeriua' 
no  particular  advantage  as  a  material  for  the  construotiaa  of 

7.  In  order  to  increase  the  driving  power  of  the  blades  per 
unit  surface  as  much  as  possible  for  a  oanstanC  periphetal 
velocity,  it  is  an  advantage  to  make  the  blades  slender  and  long. 
It  must  not,  however,  be  overlooked  that  the  ratio  between  the 
length  and  breadth  of  the  blade  also  alters  the  weight  of  the 
blade  per  unit  surface,  aince  the  latter  increases  as  the  square 
root  of  the  quotient  of  these  quantities. 

S.  The  blades  should  bs  manufactured  of  plane  and  smooth 
sheet  steel,  which  can  be  kept  very  thin  if  the  ripdity  is 
sufficiently  great,  and  which  cuts  through  the  air  with  but 
little  friction. 

9.  The  blades  should  work  at  inclinations  of  at  most  from 
1-20°,  and  with  peripheral  velocities  up  to  SO  or  even  SO 
metres  per  second. 

Wellner  estimates  that  the  efficiency  of  a  two-hlsded  sorew, 
built  by  him,  of  ti  =  4-25  m.,  J  =  r24  m.,  F  =  3'473  sq.  m., 
pitoh  =  l-08  m.,  0  =  2'6  kg,  driving  force  40-70  kg.,  i.t. 
18-20  kg.  per  sq.  m.,  for  which  1  H.P.  lifted  IG  kg.,  was 
20  per  cent.  Zeiischri/t  d.  M,  Ing,  u.  AreAil,  Fertins,  1S94, 
Nos.  38,  84,  47,  and  1886,  Nos.  36  and  36.  von  Loaed 
ejcpetimented   with   screws   of  rf  =  0-r'  ■     -  - 
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Area  of  Blade 


Carved  blade  Burftices.  Ratio 

of  height  of  arc  to  chord. 

Plane 

1:12         1:7         1:2 
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ofblrfBa. 
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Subtending  at  the  centra 

an  angle  of  :— 
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The  Tslocitiefl  of  the  centra  of  pressure — 
for  a  blade  inclination  of  30'  40'  4S' 
were  2'fi        I'S        1-6  m.  per  sec 

EresB  states  that  his  scraws  gave  an  eMcieucj  of  66  per  cent. 
The  efficiency  increased  with  the  diameter. 

The  Maxim  sorew  boB,  as  far  oa  publiahed  data  go,  a  breadth 
of  about  1*5  m.,  a  total  surfiice  of  4  sq.  m.,  a  pitch  of  4*9  m., 
and  an  angle  of  ascent  of  6°-S7.  At  the  centre  of  preseure  the 
•crew  bos  a  velocit;  of  not  quite  30  m.  per  eec.  at  376  revs,  per 
minute;  160  H.P.  are  lost  owing  to  the  slip. 

In  Zeppelin's  balloon,  the  diameter  of  the  screw  at  the 
centre  of  gravity  of  the  surface  was  0'76  m.  ;  for  n  =  900, 
the  mean  velocity  was  D  =  3fi  m.  per  sec,  at  the  tip  (>4  to. 
per  sec,  mean  angle  of  ascent  a  =  18-5°.  Sur&ce  of  a  blade 
0'12e  sq.  m.,  of  the  propeller  0'S16  sq.  m.  Area  of  screw 
disc  1*039  sq.  m.  IttustirierU  Alnmautischtn  SfMeiltingeii, 
1902. 

W.  O.  Walker  and  Patrick  Y.  Alexander  eiperimented  with 
five  different  air  screws  up  to  o  =  27  m.  They  found  :  (1)  that 
the  driving  force  varies  as  the  square  of  the  number  of  revolu. 
tiouB  per  minute ;  (2)  that  the  power  necessaiy  varies  as  the 
cnbe  of  the  number  of  revolutions  per  min.  ;  (3)  that  the 
driving  force  with  respect  to  the  work  done  varies  inversely 
u   the   DUnber  of  revolutions  per  min.     Cf,  Chapter  Xlt. 
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CHAPTER  XVI. 
AEBONAUTICAL  80CIETXES. 


FoUNDBD  in  Paris  in  September  1896.  The  msmbera  inoludfi 
the  directors  of  Meteorological  Institutes  in  all  coontriea. 

Presidatt. — Professor  Eei^eselt  of  Strassbnrg. 

Object  of  ConunlBsion, — To  inFeetigate  the  conditions  hold- 
ing in  the  atmosphere  up  tJ3  the  highest  limit  attainable  bj 
kites  and  balloons.  Simultaneous  ascentB  are  toade  with  this 
object  from  variouB  meteorological  etatious  all  over  Earope  on 
the  first  Thursday  in  each  month  (or  on  the  following  ia.j  if 
this  ba  a  pnblic  holiday  is  anjof  the  coantiiea  participating  in 
the  aacents). 

The  obserrationB  are  published  in  the  Vtrbffeidlichiiiigen 
der  liUenuUionalen  KommUsion  far  wisseiueha/llie/u  Lu/t- 
Khiffahrl,  edited  by  Professor  Hergesell. 

The  Commission  has  hitherto  met  as  under : — 1898,  31st 
March  to  4th  April,  at  Straasburg.  Cf.  pTOlokoll  Obtr  die  vatn 
31  JItdn  bii  4  April  1898  lu  Slrasfburg  i.  B,  abgehalUiu  tr^ 
Venammiung  der  IniematUynalen  Aeronaviischer\,  Commisnon  ; 
also  /.  J.  M.,  1898,  No.  3  ;  Milorrologitche  ZeiUchnft,  1898  ; 
L'AirophiU,  1898,  p.  22 ;  1900. 10th  to  16th  September,  in  PwIbl 
C/.  "  Congifes  international  de  m^t^orologie  teuu  k  Paris  da 
10.  an  16.  September  1900."  Proda-verbaux  aommairei,  par 
A.  Angot,  Paris,  1901  ;  /.  A.  M.,  1900,  p.  132;  rAitephiU, 
1900,  p.  Ill ;  1902,  20th  to  25th  May,  in  Barlin.  Cf.  Frolokoll 
Her  die  ai  Berlin  aiigehaUsne  driUe  F'enammlung  der  IrUer- 
itationalen  Kovtmisaion  fur  iois*im»ehaftlieht  Lu/lackiffahrt, 
Straasburg,  1903  i  I.  A.  M.,  1902,  p.  138  ;  1901,  29th  August 
to  3rd  September,  in  St  Petarsbntg.  C/.  "QuatriimB  eon- 
f^nce  de  la  Commission  IntematJonale  par  ra^roatation  scieu- 
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tifiijae  tk^iris  rucademie  imp^riale  des  sciences  de  St  F^ter 
Froeis-tirbmix  des  a^ncet  et  ■nUm'/vres.  St  PeterBbw) 
1906,  on  the  30th  September,  at  Hilon. 

O^eM. — Meteorologiachar  lAndesdienat,  StcasBbnig  i. 


Ferman«Dte  Intemation&le  d'A^nantiqne. ) 
Founded  bj  a  reaolution  of  the  Intematiauol  Aeronautical 
Congresa  at  Paris  in  1900,  in  older  to  carry  oat  the  expressed 
wish  of  the  congress  to  advance  the  progress  of  Aeronautics  by 
aoientifio  advice,  and  to  prepare  for  the  following  congress. 
Offices, — In  the  buildinga  of  the  SocUt6  d'enamragement,  44  rue 
de'Rennea,  Paris. 

The  transaction  of  business  is  regulated  by  statntas  published 
in  1901.  The  congress  elected  38  members,  who  received  the 
right  to  co-opt  other  members  and  to  appoint  BobcommitteeB 
for  special  subjects. 

The  following  are  the  present  (June  1606)  m«nbera  of  the 
CommittM,  those  elected  by  the  Congress  being  indicated  by  an 
asterisk. 

*  Patrick  Y.  Alexander,  Rothesay,  Spencer  Road,  Sonthsea, 

Hants,  England. 
'  Eichard  Assmann,  Director  of  the  Eoyal  Meteorological 
and  Aeronautical  Observatory  at  Linderberg,  near  Bees- 
kow,  Germany. 

*  Cailletet,   Member  of  the  Academy,  75  Boulevatd  Saint 

Michel,  Paris  (5), 

*  Canovetti,  Engineer,  45  Faro  Bonaparte,  HUan. 

*  Cassi,  aigineer,  7  me  de  I'^cluae,  Paris, 

O.  Chanute,  Consulting  Engineer,  413  £.  Hnrou  Street, 

Chicago,  111.,  U.S.A. 
Dion,  Marquis  de,  President  of  PA^ro-club,  46  Ave.  de  la 

grand  arm^e,  Paris. 
.    *  Drzwiecki,   Engineer,   Tilla   Damont,    me   des   Banches, 

Deslandres,  Member  of  the  Academy,  43  me  de  Rennas, 
Paris. 

*  Emden,  Doctor,  Privatdocent  at  the  Royal  Technical  High 

School  in  Hutdch,  Schellingatrasse  107. 
BspitaDier,  Lieutenant- Colonel,  22  rae  de  St  Peterabooig, 

Parie. 
forlsnini,  Engineer,  21  via  Boccacio,  Milan. 
Fave,  JIarine  Engineer,  18  rue  de  I'Universit^,  Paris. 
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GuilUume,    Bureau  Intenuitional  des  poids  et    m^WTM, 
SeTTfis  (S.  et  0.). 

*  Hergeselt,    Prof. 'Dr.,    President    of   the    Uetmrological 

Service  of  Alsace-Lomine,  SilbemuuiiiBtruee  1,  Stnta- 
bnrff. 

*  Herve,  Engineer,  1  rue  Hantefeuille,  Paris  (6), 

■  HinterstoisBer,  Capt.,  Eomp.-Chef  im  E.  u.  E.  Int-Bgt., 

No,  90  in  laroelau,  Galitzea. 

*  Hkschauer,  Lieat.  -Colonel  du  g^nie,  Arrai,  France. 
Houdaille,  Commandant,  101  rue  St  Dominiqne,  Paris  (7). 
Hoernea,  Major,  Ergonzaura  Bezirke-Comlaandaiit,  Aiguer- 

Btrasse  8,  Parach  bei  SaTzburg,  Austria. 

*  JansecD,    Director   of   the   AaUanomical  Observatory    at 

Ueudon  (S.  and  O.). 

*  JokovrBki,  Professor,  Aeronautical  Institute  at  Eutschiuo, 

A.  Kriloff,  Director  of  the  Russian  Naval  Experimental 

Station,  St  Peteisborg. 
Du  Laurent  de  la  Barre,  62  nie  Blanche,  Paris  (9). 

*  Mallet.  Aeronaut,  14  rue  des  Cloys,  Paris. 

*  HLUard,  Oajitain,  Commandant  la  compagnie  d'airattien 

du  g^nie,  Antwerp. 

*  Moede^k,  Ui^or,  Batls.  Eommandeur  im  Badischen  Fobs- 

artillerie  Regt.  Nr,  14,  Silbermannstiasse  14,  Straasbur^ 

*  Peace,  Technical  Adviser  t»  the  Italian  Legation,  78  rue  de 

Grenelle,  Paris  (7). 

*  Paul  Kenard,   Commandant,   1  avenue  de  PObeerratoire, 

Paris. 

■  Botch,  Director  of  the  Blue  Hill  Observatory,  Hyde  Park, 

Mass.,  U.S. A. 

*  Bykatscheir,   General,   Director  of  the  Central   Physical 

Observatory  at  St  Petersburg. 

*  Scbiavone,  Dr,  Ferrandina  Basilicate,  Italy. 

Conte  Almerico  da  Schio,  Director  of  the  Meteorolof^cal 

Observatory  at  Vicenza,  Italy. 
Sorean,  Engineer,  65  rue  de  la  Victoire,  Paris  (B). 

■  Strohl,  Colonel,  196  Boulevard  St  Germain,  Paris  (7). 

*  Snrconf,    Aeronaut,    12!)   rue    de    Bellevue,    Billancoart, 

(Seine). 

*  Teiaaereno  de  Bort,  Director  of  the  Meteorological  Obser- 

vatory at  Trappes,  83  rue  Dnmont  d'Urville,  Paris  {8). 

*  Triboulet,  10  rue  de  la  Pepiniire   Paria  (8). 

■  TroUope,  M^or,  Aldershot,  England. 

*  Comt«  da  la  Valette,  Vice-president  of  I'A&o  Olab,  8  place 
de  la  Madeleine,  Paria  (8). 


tNTEBNATIONAL  AIB-BHIP  SOOIBTT 


h.— INTERNATIONAL  AIRSHIP  SOCIETY. 

F^EBATION  AfatONAUIIQUE  mTEBXATIOSAm. 

Foanded  on  14tb  October  1905,  in  Paris.  Has  laid  dorrn 
special  rules  and  regulations  which  must  be  adopted  by  all 
amalKamatad  aocietiea  and  clubs. 

OMem-a,  1906. — Honorary  President,  M.  L.  Coilletet,  Member 
of  Uie  Academy  ;  President,  H.S.H.  Prince  Roland  Bonapartii ; 
Vice-pTesidents,  Profeaaor  Bualey,  M.  Fernaud  Jecoba,  Comte  de 
la  VsuljCi  SecretaiT,  M.  Gieorges  Beaani^n;  Editor  of  Proceed- 
ings, M.  Edouard  Surcouf ;  Treasorer,  M.  Paul  Tiasandier. 

The  Bocietiea  and  cluba  belonging  to  this  International 
Federation  are  indicate  by  an  asterisk  (*). 


C— NATIONAL  SOCIETIES. 

I.  DEDTSOHER  LITFTSGHUTiJU- VIXtBAlfD. * 

Founded  at  Augsburg  on  the  2Sth  December  1902,  for  the 
purpose  of  jucreosing  the  general  interest  in  aeronautical 
matters,  and  more  especially  for — 

1.  Supporting  a  monthly  aeronautical  journal  {UltistritrU 
Airmtaviische  MUUilv/ngeny,  Editor,  Dr.  Stolherg,  Mollerstrasse 
9,  Strassburg  i.  E. 

2.  The  publication  of  a  year-book. 

3.  The  superintendence  of  the  training  of  aeronauto. 

1.  The  publication  of  the  qualificauons  necessary  for  an 
aeronaut  as  laid  dawn  by  the  society  {cf.  1.  A.  if.,  1903, 
p.  82). 

The  following  German  societies  belong  to  this  National 
Federation  i— 

I.  BerUner  Verein  ffli  LoftMbiSahrt.— Founded  on  31st 
August  1881,  in  Berlin.  First  ordinary  meeting  8th  September 
1881.  Published  the  2a<*An/( /Br  Lufisehiffakrt  from  1882- 
1900,  when  the  IllustTierte  A§r(matiiiKhen  Mitteilitng*K  was 
adopted  as  the  official  journal  of  the  Verein. 

The  Verein  owns  several  balloons,  and  has  arranged  numerou* 
ascents  since  30th  January  1891.  The  scientific  balloon  ascents 
of  the  Verein,  carried  out  under  the  patronage  of  H.R.H.  the 
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KaiEer,  are  famoos.  {Gf.  Aitrmanii'BerBOD,  WittrnxhafllvAe 
iMfi^iOwrUM,  Braunschireig,  ISOO.)  The  society  has  inBtitnted 
Bt&tiDD9  for  balloon  ascents  aU  over  Qennaii;,  wherever  tbe 
balloone  could  be  conveniently  inflated.  The  Veraln  poaseeses 
B  comprehensive  library  of  some  700  volumee.  Annual  sub- 
BcriptioD,  20  M.  Headquarters,  Drtadensntrasse  38,  Berlin. 
(TelBphone  Ho.  S779  IV.)  Number  of  members  (190fi),  807, 
including  134  qualified  aeronauts.  I^iea  are  admitted  as 
mambera.  {Gf.  Z.  f.  L.,  1887,  p.  364:  JahreAeritM  dti 
tUvixtien  Liifiichifftr-Ftrbanda,  Straasburg,  IS08 ;  Berliii, 
1*04  ;  Qraudenz,  ISOS ;  Berlin,  I90«.} 

2.  Hflnchenar  Verein  fUr  Lnftschiffiihrt. — Founded  on 
aist  November  ISSB,  at  Munich  {cf.  Z.  f.  L,  ISBO,  p.  33). 
Pabliahed  Annual  Proceedings  up  to  1901.  Contributed  to  the 
ZeiCtehnftfir  L^^fUdliffahTtv.^  to  1S9S,  and  subaequentlf  to  the 
lUiutriertt  Aennavlixhen  MiHeihtngm.  Owns  balloon  stores, 
and  has  arranged  nnmeroos  ascents  since  19th  June  1889.  Has 
a  librar;  of  70  volumes.  MemberBhip  on  lat  April  190fl,  383, 
including  G8  goalified  aeronauts.  Annual  Babscription,  6  H. 
Headqnarters,  Eaufingerstrasse  2S,  Munich. 

3.  OberrheluiBchet  Verein  fftr  LnflBChi&hrt. — Patron, 
S.  D.  Hannann  Fiiist  to  Hohonlobe-Langenburg,  Statthalter 
von  Elsass-Lothringen.  Founded  on  24th  July  189S,  at  Strass- 
bnrg.  Published  tbe  lUiutlTierU  Miiieiiungen  da  Ober- 
rheiniachen  VtnaufUr  LvflKh^dkH  up  to  1898,  when  this 
journal  wan  reorganised  as  the  IliuMricrie  AiranautiKhen 
Milteiltaigen.  Owns  balloon  stores,  and  has  arranged  numerous 
ascents  BinoB  1897.  The  library  contains  about  70  volumes. 
Membership(April  1900),  200,  including  25  qualified  aeronauts. 
Annual  subscrijition,  7  M.  Headquarters,  Miinsterplatz  9, 
Strassburg  i.  £. 

4.  Angtbniger  Verein  fttr  LnflachiSahrt. — Founded  in  June 
190],  at  Angsbnig.  Owns  balloon  stores,  and  has  arrai^ed 
ascents  sinoe  ISOl.  Has  a  library  of  120  volumes.  Uember- 
ahip  in  April  1906,  S2l,  including  3S  aeronauts.  Annual  sab- 
scnption,  S  ft.  Headquarters,  Carolinenatrasge  83,  Augshu^ 
CTelephone  No.  296.) 

G,  HiedeiTheiniEcher  Verein  fUrLnftschiflalirt.— Founded 
on  IGth  December  1902,  at  Barmen.  First  ascent  8th  January 
1903.  Owns  balloon  stores.  Hembership  on  let  April  1900, 
833,  including  IS  aeronauts.  Annual  subscription,  ]2  M. 
Headquarters,  Kiinigstraese  8S,  Barmen.    (Telephone  No.  1891.) 

fl.  FoMiier  Terein  fHr  LnftschiSahrt. — Founded  on  2nd- 
December  1903,  at  Posen.  First  ascent  19th  December  1903. 
Hembership  in  April  1906,  S3,  ioclnding  9  aeronauts.  Annual 
aubscription,  20  U.  Headquarters,  Oartenstrosse  10  II., 
Poeen. 
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7.  08(d«nUcli«r  Veraln  filr  LuftschiffiUirt.— Foimded  on 
llth  Jane  1904,  at  Grtiudenz,  West  Frueaia.  First  aacent  17th 
July  1904.  Nnmber  of  members,  April  1906,  160,  inolnding 
10  oerooants.  Annual  Bubacriptlnn,  20  M.  Owns  balloon  stores 
and  a  libra^  of  145  volnmes.  Headquarter,  Ostbank  fiir 
Handel  nnd  Gewerbe,  Fohlmannstrasse  9,  Grandenz. 

S.  I^nklsoher  Terein  fUr  LnTUcMffialirt.— Founded  on 
12th  May  1905,  at  Wursburg.  First  ascent  38th  February 
1905.  MembersMp,  April  1906,  150,  including  0  aeronauts. 
Annual  sabsciipticin,  6  M.  Library  in  course  of  formation. 
Headquarters,  £.  Hackstetter,  BergmeJEteretraBse  11 ,  WurzbVTg. 

9.  Hittelrhelniaclier  Verein  fUr  Lnftsohii&hrt.— Founded 
on  llth  May  laOG,  at  Coblence.  Mombersliip,  April  1906,  83, 
including  4  aeronauta.  Annual  Bubscription,  20  M.  Head- 
quartets,  Dr  Wollner,  Casinoetrasse  37,  Coblence. 

n.  AiraiBiAif  AND  SWISS  soonniES. 

10.  FlQgteohniiclieT  Terein  in  Wi«n.— Founded  on  18th 
Anguat  1887,  in  Vienna,  as  an  offshoot  of  the  Osterreichisoher 
Ingenieur-Verein  (cf.  Z.  f.  L.,  1888,  pp.  27,  82,  61,  and  264). 
Contributed  towariiB  the  publication  of  the  Zeitaekrifl  fUr 
Lu/ttehiffahrt  np  to  1901,  when  it  adopted  as  its  ofBeial  organ 
the  lUtistriert*  Atraaa'utisoheit  Mitteilv/ugen.  Has  a  library  af 
some  100  volumes.  Contributed  towards  the  cost  of  W.  Kress's 
flying  machine.  Annual  anhscription,  20  Kronen.  Member- 
ship 1906,  about  90.  Headquarters,  Eschenbachgaaae  9, 
Vienna  1. 

11.  Wiener  ASro-Clnb.  —  Fatron,  S.  E.  u.  E.  Hoheit 
Erzherzog  Fioui  Ferdinand.  Founded  ia  August  1901,  in 
Vienna.  The  club  possesses  iis  own  filling  grounds  and  balloon 
stores,  and  has  organised  ascents  since  9th  Angust  1901. 
Fublishea  a  monthly  .journal,  Wientr  L^ftxhi^-Z^tung. 
Sntiance  fee,  50  Er.  (for  officers,  20  Er.).  Msmhership  at 
beginning  of  1906,  79,  including  9  aeronauts.  Headquarters, 
Annohot  3,  Vienna  1.     (Telephone  No.  393.) 

12.  Schweizarischer  AIJro-C9ub.  Adro-Olnb  Snisae.* — 
Founded  on  SOth  March  1901,  at  Berne.  The  club  owns 
balloon  materials  and  a  small  library.  First  ascent  llth  July 
1902.  Membership  in  Maroh  1906,  140.  Headquarters, 
Hirachengraben  3,  Berne. 

m.  soonrriBs  Ain>  gloss  of  othee  vATioira. 

18.  The  ASnmantioal  Society  of  Great  Britala.— Fouuded 
on  12th  January  1869,  and  oonseqnently  the  oldest  Aeronaatical 
Society.     First  general  meeting  on  27th  June  1S66.     Bronght 
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oat  from  1863  till  1892  yearly  AnnualJleports,  and  has  published 

Snarterlj  Binca  1887  The  Afnmavlical  Jountal  of  Breat  Briiain. 
a  ISOl  tlie  Society  founded  na  Aerocantioal  Museum.  Annual 
Bubscription,  one  guinea.  Hemberahip  1906,  120,  Office  and 
library  of  the  Society,  53  Victoria  Street,  London,  S.W. 
Preaident,  Major  B.  Baden-Powell,  F.R.A.e.  Honoraiy 
Secretary,  Eric  Stuart  Bruce,  M.A.  General  meetings  are  held 
at  the  Soiuet;  of  Arts,  John  Street,  Adelphi,  London. 

14.  The  Aero-Glnb  of  the  United  Kingdom.  A  godety  for 
the  encouragement  of  atfrial  looomotion.*  —  Founded  in 
January  1902,  In  London.  Does  not,  as  yet,  poaaesa  balloon 
BtOTee  of  its  own,  though  several  of  its  members  own  balloons. 
Annual  subscription,  £2,  2s.  Membsrahip,  170.  Headquarters, 
119  Piccadilly,  London,  W.  Telegraphic  Address,  Aeroplane, 
London.     (Telepbone  No.  2140  Gerraii) 

16.  The  ASro-Clnb  of  Ameriok.— Founded  in  December  IMS, 
in  New  York.  Number  of  membera  in  April  1906,  276. 
Annual  subscription,  10  dollars.  Library  in  course  of  fomiii- 
lion.  Publishes  Tht  Aeronautical  Nnca  monthly.  Editor, 
Carl  Dienatbach,  81  Greenwich  Street,  New  York.  Heod- 
qnariara,  763  Fifth  Avenue,  New  York  City.     Cable  oddrees, 

Aeromerica,"  New  York. 

10.  Syenska  aSronantlska  StUlBkapet.— Founded  at  Stock- 
holm on  IGth  December  1900.  Has  procured  stores  espedally 
adapted  for  prolonged  oacents  (Dngea  system).  Membership 
about  80.  Annual  subscription,  10  kronen.  Secretary,  Lu3'tnant 
K  FogmsQ,  Stockholm. 

17.  SooidM  Franf  ait  de  Nayigation  Adrienne. — Founded  in 
Faria  on  12th  Auguat  1872.  Has  published  L' Aironavit,  a 
monthly  journal,  since  its  foundation.  This  socioty  ia  the  oldest 
Aeronautical  Society  in  France.  It  bos  an  excellent  hbrar; 
and  moaeum.  Annuo!  aubacription,  12  francs.  Number  of 
membeis,  103.  Headquarters,  H6ttj  des  ing^nieura  civila  de 
France,  IS  rue  Blanche,  Paris. 

15.  AdroiMtitiqtie  Olub  da  France.*— Founded  on  20th 
October  1897.  Has  branchee  in  Paris  and  Lyons.  Its  objects 
are  the  propagation  of  a  knowledge  of  aeronautical  matters  and 
the  education  of  as  many  aeronauts  as  possible  among  the  civil 
population.  Memberehip,  350  in  Paris,  160  in  Lyons,  Its 
official  orfnn  is  V Aironaidiqve,  published  quarterly  since  1902. 
The  club  baa  a  library  and  museum.  The  balloon  ground  is  at 
Bneil  (S.  et  0.)  ;  the  stores  in  Palaiseau.  Entrance  fee  for 
mtmbres  asioeids,  10  (rancs ;  for  men^it  actifa,  E>  franca ;  for 
membres  tilulairea,  nil.  Annual  subscription,  60,  21,  and 
S  francs  reapectively,  while  membreM  honoraira  pay  a  aub- 
acription of  25  francs.  I^ies  are  admitted  as  members. 
Annual  distribution  of  medals  and  prizes  to  balloon  conductore 
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beloDging  to  the  societ?.     Headqoartera  uid  IJbiBty,  fi8  rue 
Jean  Jacquea  Roussean,  Paris. 

19.  A^-Olnb,  BooidU  d'enconngemeiit  &  la  locomotioii 
adrienne.*  —  Founded  in  Paris  on  21at  Deoember  1898. 
Adopted  the  monthly  Journal  L'Airophilt  aa  ita  official  oigaii 
in  lUOl.  The  club  is  distinguished  for  its  great  generoflity  in 
■eronanticAl  matt«ra.  In  1900  it  offered  the  I^tsch  prife 
of  100,000  franca  to  the  first  aeronaut  to  start  from  the 
Park  St  Cloud,  go  round  the  Eifiel  Tower,  and  return  to 
the  starting- pout  vrithtu  30  minutes.  The  prize  wai  won 
by  Santos  Dumont  on  19th  October  1 902.  In  1903  nnmerona 
med^B  (gold,  silver,  and  bronze)  were  offered  in  connection 
with  various  competitions  and  balloon  eporls.  Annual 
subscription,  flO  francs.  Hembersbip  in  April  ISOS,  about 
700,  including  some  00  aeronauts.  The  club  has  its  own 
library  and  museum.  Headquarters,  81  Faubourg  Saint 
Honor^,  Paris  (8).  TelegrapUc  address,  Aeroclub,  Paris. 
(Telephone  No.  27820.) 

20.  AMuUmie  Adronantique  de  Fruioe.— Founded  in  1902. 
Possesses  balloon  stoics  and  a  library.  Headquarters,  14  me 
dee  Gonconrt,  Paris. 

21.  Sooi^t^  das  AdroiiBittes  da  Siige..— Founded  in  1902, 
the  membership  of  the  society  being  confined  to  persons  who 
eeoaped  from  Paria  during  tna  siege  of  1870-71  by  balloon. 
Honorary  President,  J.  Janssen,  member  of  the  Academy. 
Praddent,  A.  Tiasandier.  Vice-president,  E.  Caaders.  In 
1903  the  society  had  only  31  members. 

22.  Adro-Club  dn  Sud-Ouest. '—Founded  in  Bordeaux  on 
1st  April  1905,  and  affiliated  with  the  A^ro-Club  de  France  on 
6th  April.  Owns  balloon  stores.  Number  of  members  (May 
ISOa),  175,  including,  10  conductors.  Entrance  fee,  20  [nncs. 
Annual  subscription,  36  francs.  A  section  of  the  olub  was 
formed  at  Pau  on  Sod  December  1905,  compriBiiig  21 
members. 

23.  Adro-OIub  de  Belgiqne.*— Founded  in  Brussels  on  15th 
February  1901.  Number  of  members  (February  1908),  300. 
Annual  subscription,  20  francs.  Owns  balloon  stores,  and  pub- 
lished a  fortnightly  journal,  La  amqulle  de  Tatr.  Editorial 
offices,  IS  me  des  Trois  Fetes.  Headquarters,  G  place 
Koyole,  Brussels.     (Telephone  No.  565.) 

21.  Soclet4AeronaittloBltali«n«.*— Patron,  H.B.H.  Victor 
Emmanuel,  King  of  Italy.  Honorary  President,  E.8.H, 
Ludwig  Amadous  of  Savoy,  Duke  of  Abnuzi.  Founded  in 
Home  on  SOth  March  1904.  The  society  is  split  up  into  three 
sections ;  Rome  with  ISS  members,  Turin  with  29  membert, 
and  Milan  with  IT  members.  Entrance  fee,  76  lira.  Annua] 
rabscription,   3S  lira.      Owns    tulloon    stores  and  a  library. 
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HcadqnarteiB,   Cotbo    Umbeito    1.    397,    Rome ;    via    Divide 
Bertoletti  2,  Turin  ;  vu  Lecco  2,  Milan. 

25.  El  BmI  Adreo-Olnb  da  EspaK*.*— Patron,  H.RH. 
Eiag  Alfonso  XIII.  Founded  in  Madrid  on  the  2Sth  Hay 
ISOfi.  At  the  bwinning  of  1B0S  had  lOG  membeis.  One  of 
the  membera  of  the  dab,  M.  Duro,  succeeded  in  crossing  the 
PjTtmeee  from  Fan  to  Cadiz  in  December  190I>,  thus  winning 
for  the  olab  a  prize  offered  by  the  Pan  sectioii  of  the  A^'Club 
dn  Sud-Oueat 

26.  AuMlan  Aeronautical  Sooisty.— A  section  of  the  Imperial 
BuBsian  Technical  Society  (Section  VII.),  comprised  since  ISSO 
entirely  of  aeronauts.  TIib  merabersliii)  is  limited  in  number. 
Address,  General  A.  N.  Sigunoff,  Fanteleimonskiya  2,  Bi 
Petersburg. 
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TABLES  AND  FOlUnn.^. 

TABLE  L 

SECTION  I. 

ENQUBH  EQmVALENTS  OF  KEIBIO  MBASITBIS. 

1.    LiNBAB  MEABfRE. 


.     -     0398710. 

metre 

.     =  39-3-      „ 

.     =     3-281     ft. 

.     =     1-094    yd. 

kilmetre  .' 

.     =     0-62«  mile. 

2.  Square  Measubb. 
1  square  centimetre  =;     O'lGGO  sq.  in. 

1  square  metre      .        .     =  10'7S4   sq.ft. 
1  „  .        .     -     1'198    sq,  yd. 

1  hectare  =  10.000  eq.m.     =    2-471   acres. 

3.  Cdbio  Measdrb. 

=     0-06108  cub.  in. 

=  36-82  cab.  ft. 

=     1-308  cub.  yd. 

=  61-03  cub.  in. 

=     1-701  pints, 

4.  Mass, 
=  lG-43  grains. 

=  0-08527  oz.  avoir. 

=  0-032160J.  troy. 

=  0-002206  lb.  avoii 

=  2-2040  lb.         „ 

=  0-S842  ton. 


1  litre  =  1000  cab.  i 


1  kilogram    . 

I  metric  ton  =  ]000  kg . 
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B.  Vblocitt, 

I  metre  per  minute 
1       .. 

=     0-0616  It.  per  sac. 
=     3-281  ft.  PCTMO. 
=    2-287  miles  pet  hr. 
=     0-6214 
=     0-9113  ft.  per  sec. 

8.    ACOKLBEATION. 

1  metn  per  mo.  per  see 

=     3'281ft.  perBM.per«ec 

7.  Dkwbitt. 

1  gram  per  onb.  em. 

=  62-43  Iba.  par  cab.  ft. 

8.    FOBCT. 

1  dyne  (gm.  om.  aee.  -*) 

=    7-233  xlO-«jK)undal8. 
=     2'247nlO-'lbe.  weigtt 

9.  PMSsnEX. 

1  dyne  per  aq.  cm. 
1 

=     0-0672  pouodsls  per  sq.ft. 
=     4  -666  X  10-<  poandala  per  eq. 
=     I-45xlO-'lbB.  wtporsq.in. 

1  erg    . 

1  Joole=10'ergs 


1  watt 

I  force  de  chevul 

(metric  H.P.  =738 


10.  WOBX. 

=    2-373  X 10-'  ft  ponnd»lB. 
=     7-873  xlO-»  ft.  pounds. 

(j  =  82-18  ft.  per  ( 
=     0-7373  ft  poonds. 
=     8724xlO-JH.P.lira. 

11.  Power. 
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SECTION  II. 
aO.S.  EQUIVALEKTS  OF  VABIOITS  UKITB. 

1.    LlNBAK  MKABCEE. 

Qerman,,  Auatrian,  and  Swisa, 

lfoot(Rhinfl)  =  12uioh(is      .        .        .         .  -  31-386 

1  mch      ,,      =12  1inBB         .         .        .         .  =  2'616 

1  line      „              =  0-218 

1  foot  (Vienn»)  =  12  inchea     ,          .          .          .  =  31  '811 

1  inch      „        =12  lines       .         .         .        .  =  2'6S4 

nine       „ =  0-2196 

1  foot  (Swisa)  (old) =  28-300 

1     „         „      (modem) =  80-000 

1     „  {Bavaria) =  29'188 

1     „   (Hmotbt) =  29-209 

1    ,,  (SMony) =  28-31B 

1     „   (Hesse) =  28-770 

1     „   (Wurtemberg) =  28-848 

1     „   (Baden) =  30-000 

1  rood  (Prussia)  =  12  feet       ....  =  378  ■621 

1     ,,   (Bav>ria]  =  10feet        .         .         .         .  ^  291'8BB 

1  FadeD  =  8  Prussian  feet       .         .                 .  -  188'312 

1  Elafter^ 3  Austrian  feet     ....:=  1S9'848 

lniile(Pna8iaii)  =  2000Ruthen    .                 .  =785,250 

1  mOe(Anstrian)  =  4000ElafteQ    .         .         .  =  758,366 

I  naatical  mile =  186,230 

1  geographical  mile —  712,040 

1  Swiss  "StundB" =480,000 

lfoot(pied)(P»riB)  =  12inchea      .         .         .  =  S3'i84 

1  inch  (ponce)  (Paris)  =  I2  lines      .         .         .  =  2707 

1  line  (ligne)  (Paris) =  0-2258 

Itoise^Sfeet =  194-904 

1  league  (liene)^2000toiBes.         .         .         .  =  446,190 

1  nautical  league =  668,490 

&tgli3h,  American, 

lfoot  =  12  inches =  30-4797 

linch =  2-B400 

1  yard  =  8  feet =  914892 

I  Btatato  mile =  160,935 

1  nautical  mile =  185,327 
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1  S(Uili^  =  7  Eoslish  feet= 
1  Arsclmi  =  16  Werachok 

1  W6rst  =  60oSa8li4n    . 


=  21B-86 
=  7112 

=   106,680 


3.  Sqcabb  Mbasurb- 

1  raoara  foot  (Bhins)    .... 

1           „        (En^lUh). 
1           „        (Pafi.)      . 

1           „        (Vieima)  . 

1           „        (SwedUh) 

1  u]nar«  inch  (BhiueJ    . 

1    ::  ?:^f": 

1          „       (Vienn.)  . 

1  DeBsatin  (Bu8aian)  =  2400  » 

q.3a> 

ihen 

.  985-02 

:  929-01 

^  1065 -21 

:  999-26 


6-938 
^  *0,iB7xlO« 

■■   1-0(25x109 


3.  Cubic  Mbasubb.  cab.  cm, 

1  cubic  foot  (Ehine) =  309Ii-8 

I          „       (English) =  28318 

1        „       (Paris) =  34277-3 

1          „       (Vienna) =  31688 

1  Scheffel^ie  MeUen-48  Qnort  .         .         .  ^  64961-5 

1  pint =  667-63 

1  gallon =  4641 

I  gallon  (wine  measure)         ....  —  37S6 

1  bashel =  35288 

lTBchetwert  =  8TBchetwerik         .         .         .  =  2-099  xlC 

1  Tachei™erik  =  8  Oarnitti     .         .         .         .  =  26338 

1  Wedro=10Kraschka         ....  =13299 


4.  Mabb. 
1  Zollpfiuid  =  32  Lat=128  Quentehen    . 
1  ponnd  (PmsBiiLn]  -  32  Lot  . 
1  pound  aToirdupois— 7000  groins  . 

iCTEngliflh)  '.'.'.'. 

1  ton  (metric)  .... 

1  imperial  Troy  pound  .... 
1  Dutch  "Juvelenkarat"  (jeweller's  carat) 
I  pound  (Bussian)  =  9e  Solotnik  of  96  Doll 
1  pud  (Eua8ian)  =  40  pounds .         1 


=  500 

-  467-711 

=  453-69 

:  28-3496 

=  0-064799 

=  1-01605x10" 

:  lO" 

=  378-24 
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6.  Vblooitt. 

Imwtiool                 "                  ; 

1  kilometre  per  hoar     .... 

1  English  foot  per  second      . 

=  208-122 
=      44704 
=      51453 

=     27-777 
=     80-4797 

6.  Acceleration. 
1  English  foot  per  sec.  per  sec 


«  where  3  =  981  oi 


1  pound  (avoirdupoJE)) 
1  grain.         .  . 


.  =  9-81x10' 
.  =  9-81  xlO^ 
.  =  S-97xl0» 
-  =  4-46xlO' 
=  2-78  X  10* 
.  =  03-57 
independent  of  the   TilIuf 


9. 
at  a  place  irhere  g  = 

1  ftiam       per  square  centimetre 

1  kiloBram  „ 

1  English  pound  per  square  foot 


1  cm.  mercury  j 


1 0'  C.  . 


dynes  per  cm' 
=  B81 
=  B-SlxlO* 


460  POOKBT   BOOK  OP  AXRONAUTIca 

10.    WOBK 

at  a  pUce  whera  g=iil  cm.  eeo.-' 

orgs. 

1  enm  centimetre =  BSl 

1  kitognim-metra =  9-Sl  x  lO* 

1  foot  pound  (English) =  1-356  x  W 

Iponndal =  421,390 

(the  lelaUon   between   the  poundal   and  erg   iii   independent 
of  the  value  of  "?.") 

11.  Power. 

srgB  per  sec. 
1  horeo-power  (metric)  .         .         .         .         ,     =   T'MxlO* 
1  „  (English)         .         .         .         .     =  7-46  xlC 

12.  Mechanical  Equivalbst  of  Heat. 

ergs. 
1  gram  calorie  at    0°  C,  .     -  4-22  x  10' 

J  „  15°  O =  4-19x10^ 

1  potmd  degree  Centigrade     .         ,         .         ,      =   I-MGkIO" 
1  „  Fahrenheit    .         .         ,         .      =   l-OBSxlO" 

Gravitational  Units. 


13. 

1  English  pound  per  square  foot 
1    inch  (Paris)  mercury  per  sq.  cm 


=  0-48S26 

=  70-81 

=  36-804 

=  1030-5 


m.  om.  per  sec 
:  7-600x10' 
=  7  ■804x10' 


TABLES   AND    FORMULA 
IB.    MRCHANtOAL   EqBIVALEHT   OF  HbAT. 


1  grsm-colorifl 

1  pound  degree  Centigrade 

1  „  Fahrenheit    , 


17.  Elect  itici  IT. 


Practical  Units 

cm. 

gra.s«c  units. 

I.  Weber:  unit  uf  magnetic  quantity 

10« 

2.  Ohm:          ,,      reaiatance 

lOB 

a.  Volt:           ,,      electromotive  force 

10' 

4.  AmpJre;      „      current  Strength 
6.  Coulomb  :    „      quantity  . 

10-' 

10-1 

6.  Watt:          „      power      . 

10' 

7.  Farad:        ,,      capacity  . 

.     = 

10-' 

Notes.— ka  ohm  \a  equal  to  I'Oies 

Siemens 

units,  and   is 

about  the  resistance  of  a  pure  copper 
1  mm.  in  diameter,  at  0°  C.     A  volt  is 

wire  48-5 

m.   long  and 

some  5-10 

par  cent  less 

than  the  electromotivB  force  of  a  Daniell's  cell, 
the  current  Howing  through  a  conductor  of  1  ohm  resistance, 
when  an  E.M.F.  of  1  volt  ia  maintained  at  its  terminals.    A 
coulomb  la  an  ampere  x  second. 

A  watt  ia  an  ampere  x  volt.     A  German  or  English  horse- 


power   {H.P.) 


tvolt 


amp.  X  volt 

''  746 


"chflval    lie    vapeur" 


786 


The  legal  definitions  (English)  of  these  quantities  are  : — 

An  ampere  is  the  steady  current  which  will  deposit  0001118 
gms.  of  silver  per  second  in  a  silver  voltameter  made  according 
to  specification. 

A  Clark  cell  made  according  to  Board  of  Trade  inatmctions 
has  an  E.M.F.  of  I -434  volta  at  16°  C. 

Ad  ohm  is  tlie  resistance  of  a  column  of  pure  mercury  106  'S 
cm.  long,  of  uniform  croaa  section,  and  14  '4G21  gms.  in  mass  at 
O'C. 
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- 

. 

- 

2-1338 

5-1815 
8-22fll 
11-277 
11-326 
17-373 
20-121 
23-169 
26-517 
26-666 

1-8288 
1-8767 
7-6247 
10-978 
14-021 
17-089 
20-116 
23-184 
23-212 
29-260 

- 

llliiyili 

M 

- 

iiiiiillll 

- 

0-3048 
3-3627 
6-4007 
9-4486 
12-497 
15-511 
18-802 
21-610 
24-688 
27-738 

o 

1 

=  2S§SSgSSS 
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1    S' 
1    t 


S    i    1i 
m    iS    Js 


s  s. 
s  1 


- 

iiiilliiSii 

. 

- 

49217 
1958 
8984 
3016 
3016 
0076 
7107 
4138 
1169 
8200 
5281 

<=P-«Mn-.,i.eBBr. 

. 

iiiiiliiiii 

- 

0-35166 
1-0516 
17577 
2-4608 
3-1639 
3-8670 
1-5701 
6-2732 
5-9783 
8-6794 
7-8826 

- 

28121 
■98483 
6874 
8906 
0938 
7037 
1998 
2029 
9080 
6091 
8122 

. 

21093 
96102 
6171 
8202 
0233 
7261 
1296 
1823 
8367 
5388 
2419 

=  »-^"""-"--- 

. 

11062 
84371 
5168 
2499 
9630 
6561 
6592 
0823 
7854 
1885 
1716 

00«Hn«s*0^-5Wt-   1 

- 

007031 
077340 
1-1766 
2  1796 
2-8827 
3-B8B8 
1-2889 
1-9S20 
5-695! 
8-3982 
7-1013 

= 

llliiiilill 

14 

"■SggSS8SSS| 
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TABLE  V. 

Specific  Gravities. 

1.  ^o;irfs(waterat4''C  =  l). 

Alam.         . 

.     17 

Lime,  burnt 

2-S0-3-18 

Aluminium,  cast         .     2'67 

Loam.        . 

1-52-2-S6 

colled      .     2-88 

Magnalium 

2-4  -2-57 

drawn     .     2-rO 

Mainesium 

.     1-74 

Aluminium  bronze— 

Mercaiy     . 
Nickel 

.  13-60 

8-57-8-98 

„    15 

7-06 

„    10 

7 '65 

Platinum,  hammered .  22-2 

.,  7-6 

7-87 

„        drawn 

.  19-27 

!■      P 

3-15 

Potasainm  . 

.     0-87 

1-3  -1-8 

Bubber.  vulcanised  1  '25-1  '75 

Antimony  . 

6-aB-a-88 

Sand,  fine  and  dry  1-40-1-64 

Argentttlmm  (Al 

+  Sb}.     2-8 

„    fineandmoist  1-90-1 -95 

ABbeatoa      . 

2-05-2-80 

1-37-1-49 

Bismuth     . 

.     S-83 

Silver,  cast . 

10'40-IO-47 

Brass,  cast . 

8-40-8-71 

„      ahe«t 

8  ■52-8  82 

Sodium      . 

.     0-98 

,,      drawn 

8 -34-8 -78 

Steel,  Bessemer 

7-26-7-80 

Calcium      . 

.     I -58 

„    refined 

7 -60-7 '81 

.     0-93 

„     cast  . 

7-88-7-92 

Charcoal— 

Tin    . 

7 -29-7 -47 

0-28-0-44 

from  oak 

.     0-57 

(Al  +  Cu  +  Sn) 

2-8  -8'0 

Clay  .         . 

1  80-2 -flS 

Wax  .         . 

.     0-97 

Coke  . 

1-0 -1-7 

8 

Coal  . 

1-2  -1-5 

Zinc,  caat  . 

7-01-7 -22 

Common  salt 

2-3  -2-4 

7-19-7*28 

Copper,  cast 

8-59-8-90 

„      wrough 

8-88-8-00 

Woods- 

..      drawn 

8-78-9-00 

Acacia    . 

071-0-87 

Earth,  clay 

.     2-1 

Alder 

0-60-0-88 

„      dry. 
„      damp 

.     1-9 
.     1-4 

»■ 

0-67-079 
O-BB-0-86 

Gold,  native 

18-30-19-10 

Beech 

070-0-86 

„     cast  . 

19-26-19-84 

Birch 

O-eO-0-80 

Ice  (at  0°  C.) 

.     0-918 

Boi 

0-91-1 -03 

Iron,  caat  . 

7-00-7-60 

Cedar 

0-49^-67 

.,    wrought 

7  80-7 -BO 

Cherry 

070-0-90 

7 -80-7 -76 

Cork 

0-22-0-26 

Lead,  caat. 

.  11-34 

Deal 

0-6S-0-89 

Lignite(browneo 

al)  1-22-1 -29 

Ebony 

1-11-1 -33 
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Woods— 

Woods- 

Blm       . 

0'6*-0-80 

Lime 

0-68-0 -60 

'"cr- 

SUhogany 

.     0-E6 

O-(7-0-67 

Msple     . 

0-6S-0-e9 

Pitch. 

0-88^-85 

0.£       . 

0-S-2-0-B5 

R«d     . 

0-48-070 

Poplar    . 

0-88-0-47 

& 

0-48-0-70 

Sfttinwood 

.     0-9B 

0-37-0 -eo 

te™" 

0-40-0-80 

Httzel      . 

0-60-0 -80 

O-Bfl-0-98 

Laburnum 

.     0-92 

Walnut  . 

0-84-0 -70 

Lignum  vitas  (pock- 

Willow   . 

0-40-0-80 

wood). 

1-20-1-30 

2.  Liquids  (w 

>tcratr  =  l). 

Alcohol  St  20°  C. 

.     0-716 

Mercury     . 

.  13-80 

Benzene      . 

.     0  90 

Nitric  acid  {cone 

)      .     1-50 

Ether  nba.  at  20 

0.    .     0-792 

Olive  oil     . 

.     0-92 

Hydrochloric  acid  {cone. )  1  "20 

Petrol 

about  0-80 

Olvcedne   . 

,     1-26 

Sea.water  . 

.     1-02. 

Linseed  oU. 

.     0-94 

Sulphuric  acid  (0 

one.)      1-85 

Job. 


3.  Oases  (at  0°  0.  atmospheric  air=  1). 
ra.  weighs  in  gms.  1  '3  times  the  specific  gravity. 


Ammonia  . 
Carbonic  acid      . 
Carbon  monoxide 
Common  gaa  {from 

00.1)  .  . 

Density  of  air  a 
(ronghlj  O-OOIS). 


.     0'&93    I  Hydrogen         .         .     00698 
.     1-G29      Marsh  gaa  .     0*58 

.     0-997      Oiygen     .         .         .     1-108 
Nitrogen  .         .  0-972 

3-48-0-61    I  Steam  (at  100')         .     0-47 
compared  with  that  of  wat«r= 0-001293 
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Antiinony 

Arsemo 
Barinin 

Beryllium 
BiBmatli 

Bromine 

Cadmium 

Caesium 

CfUoinm 

Cubon 

Ueriuin 

Chlorine 

Ohromium 

Cobalt. 

a& 

Fluorine 
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TABLE  VI. 
Atoiuo  Wbiohts  of  Elkhknts. 


Keodidymium     Ne 

Nickel  '.        '. 
Niobium 
Nitrogen 
Oemium 
Oiygen 
Palladium    . 
Phosphorus  . 
Platjuum      .  I 
Potassium     .  ! 
Praseodidy-     l 

Rhodium 

Kubidium 

Ruthenium   . 

Samarium 

Scaudium 

Selenium 

Silicon . 


Galliom 

Oentuminm 

Gold     . 

Helium 

Hydrogen 

Indium 

Iridium 

Krypton 
Lantbanum 
Lead     . 

Lithium 

Magneaiam 

Hangsnese 


Al 

lU 

27 

Sb 

120 

A 

39-6 

As 

76 

Ba 

137 

Be 

94 

Bl 

207 

B 

Br 

80 

Cd 

112 

Ca 

133 

Ca 

40 

C 

12 

Ce 

138 

CI 

35-5 

Cr 

52-5 

Co 

59 

Cu 

63 

Er 

169 

F 

19 

Gd 

155 

Ga 

SS 

Ge 

71-5 

Au 

196-7 

He 

4 

H 

In 

118-4 

I 

127 

Ir 

193 

Fe 

66 

Kr 

81-2 

U 

139 

Pb 

207 

Li 

7 

Mg 

24 

Un 

65 

Hg 

200 

Mo 

96 

Silver 

Sodium 

Strontium 

Sulphur 

Tantalum 

'I'ellurium 

Thallium 

Thorium 

Thulium 

Tin       , 

Titanium 

Tungsten 

Uranium 

Vansdimn 

Xenon  . 

Ytterbium 

Yttrium 

Zirooninm 


Iz 


n.p«r>ac 

iiSsii  1 

- 

SSSSSB    , 

calories  p«  kg. 

iiili!  1 

clorl^perkg. 

iiilii  1 

"r^i^' 

iiiii 

S  i 

lliiiliii 

M  i 

aasaausss 

cnb.ni!*'perkg. 

liiii!!"! 

kS-  per  cub.  m. 

iiii6is!| 

apedflo 

-liiLls 

Molecular 
Weight. 

i^sass  1 

....^-.    . 
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TABLE  VIII. 

TeHSIOH  (E)  in  MlLLIMBTBBa  OF  MBBCUET,  AND  DBNaiTT  (F) 
IN  KiLOOKAUB  PEK  CUBIO  HKTRK  Of  SATURATED 
WATEH  VaPOUB  AT  DiFFEBBNT  TbMPEEATUMES  (<°  C,  ). 


( 

F 

( 

E 

F 

"C. 

Z 

kg.  per  obra. 

°C. 

kg.  percbm. 

-30 

0-38 

0-00045 

6-97 

0 -00722 

-29 

0-42 

BO 

7-47 

770 

-28 

0-48 

7-99 

822 

-27 

0-50 

69 

8-56 

876 

-28 

0-EB 

66 

8 '14 

933 

-25 

0-61 

71 

9-77 

993 

-24 

0-66 

77 

10-43 

0-01057 

-23 

0-73 

84 

11-14 

1125 

-22 

0-79 

91 

1196 

-21 

0-87 

99 

12-87 

1271 

-20 

0-94 

0 -00 1 00 

13-51 

1350 

103 

117 

14-40 

1434 

M2 

127 

15-33 

1522 

1-22 

133 

16-32 

1614 

1-32 

149 

17-36 

1712 

161 

18-47 

1814 

IStt 

174 

22 

19-63 

1922 

1-89 

188 

23 

20-86 

2035 

1-84 

203 

24 

22-15 

2154 

219 

25 

23-52 

2-16 

236 

26 

24 -gs 

2411      i 

2 '33 

256 

27 

28-ir 

2649     1 

2-51 

274 

28 

28-07 

2693     ! 

272 

295 

29 

29-74 

2845     1 

2-93 

317 

30 

31-51 

3004     : 

316 

311 

31 

33-37 

3170    ! 

3-41 

368 

35-32 

3346     1 

3-67 

393 

37-37 

3527     1 

3-95 

421 

34 

39-52 

3718 

4-25 

461 

35 

41-78 

3918 

4-67 

484 

36 

44-16 

4127 

+    1 

4-81 

518 

87 

48-65 

4346 

+  2 

5 '27 

554 

38 

49-26 

4676 

i-ee 

692 

39 

52-00 

4313 

a -07 

633 

40 

51-87 

5082 

6-61 

678 
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Fonnnlte  {^.  Chap,  I.)  :— 

(la)  t =     _P^   =   R 

f(2n  +  l)         p»2T3 


Normal  prasaureyo  =  l'O130xIO'  - 

gm,  gm, 

gm.  gm. 

1  gram-oalorie  =  419xI0'Brgs.  [gm.  cm.'sec.-']. 
CoeBioieat  of  conductivity  far  heat  at  0°  C.    t  =  0-000068  ?5i:9^- 

<:i  =  fc(l  +  0'0OS(), 
Dynamical    coefficient   of   viscosity    at    I£>°    C.      i)  =  l)'0O019 
(gm.  om,-i9ec,-i]. 

)!(  =  7,a(l  +  0-0O25(). 
Einematical  coefficient  of  viscoeity  at  15°  0. 

5.=0'11  [om.'aec.-']. 
f 
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Critictll  temperatare  of  ftir=  —140°  C. 

CriticaJ  pressure  =  39  atmospheres. 

Critical  temperatnre  of  oijgai=  -  US'  C. 

Critical  presauro  of  oxygen  — 50  atmoapherns. 

Boiling  point  of  oxygen  at  atmospheric  pressures  -181°  C, 

its  density  beitig  at  that  temperature  1  '1. 
Griticsl  temiieraturo  of  iiitrogon=  -  US"  C. 
Gritiool  pressure  of  nitrogen  =  3*  atmospheres. 
BoiliuB  [mint  of  nitrogen  under  atmoapliBrie  pressure  =  -  193°  C, 

its  denaitv  being  at  that  temperature  O'S. 
Freezing  point  of  nitrogen  -  214°  C. 
1  litre  of  dry  air  in  latitude  a,  at  a  height  of  k  metres  above 

BBS  level,  at  a  barometric  pressure  of  b  mm.  meicury  (Teduced 

to  noimal  oonditiona),  and  at  a  temparature  (°  C,  weighs 

1-2937  X  J—  X  A  X  (1  -  0002691  K) 
X  (1  -  0  00000000314  k)  gm. 
If  dry  air  is  reduced  in  pressure  by  an  amount  &p  without 
performing  external  work,  ite  temperature  decreases  | 
owing  to  the  performance  of  internal  work. 


■(¥)-■ 


Coefficient  of  refraction  of  dry 

air  (against  a  vacuum). 

Franuhofer's 

Fraunhofec'a 

y..^ 

""■ 

Line. 

no. 

A 

1-0002905 

L 

1  -0002987 

B 

2911 

U 

2993 

C 

2914 

N 

3003 

D 

2922 

0 

3015 

E 

2983 

P 

3023 

K                         2943 

Q 

3031 

G            1              2962 

R 

3043 

H                         ^B/M 

s 

3053 

K                            2980 

T 

3064 

1 

U 

3075 

For  sodium  light  f^=  1  0003016  +  0-00O0003830  (i  -  760) 

-0 -000001 0683(. 
If  pressure  of  water  vapour  ia  <  mm.,  then  for  all  colours 
re,=B-0-00004U" 


760 


.Go. 


rami 


liiliiiiiiiiiilililiiiilEllH 
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ililiili«liiiliil|5S|spsHi 


g|6liJilel8lH3!sgssg§i5ggi8§g 
siiilllsHHiisiiSSsississHiii 


Hlil=l|2»iSS35Bi§6SSS=aSII5 


|S|S38ill§E8ISi6S8S5§SSISE8s8 


»  I  |S|pilSiiiiiSiSeSIS8eSS£§l5 


!i 


lligiilsgi5s5illssglSg|g£|ss3 


Sssllsassiei^isggssKSjgsgsBg 


gSaiasSigsilsSaS3l3B§ss3SSSS!8 


SslSa3§gS3sSS23|8sasS8sgsass5 


aiSSSaS*^^^^''^®^*^^^*- 


5Sise8Ssss3sas3SgassKs2sss3ass 


ag23=-i=:S3*' 
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SguABB  Boore  op  Numbbbb  fboh  0*350  to  0700,  these 
being  the  nstul  limits  for  the  apeoifio  gnivitj  of  gaeet 
used  in  ballooning. 


A 

S 

1 

1 

& 

i 

a 

1 
i 

d 

^ 

1 
1 

^11! 

ouo 

0-STO 

a 

0-420 

I 

B9ie 

bMS 

nwo 

8041 
SOBS 

DIM 
8164 
■88W 

9285 

1)804 

■640S 
8441 

0-126 
0-IM 
0>4«6 
0440 

0-460 
0-46B 

0-48O 
0'18S 

0  480 

0'85fi7 
0«9S 

OB6S3 

is 

0-8892 
08938 
0-6B64 
OTCOO 

c 
( 

ffiO 

0-7106 

07280 

OTSII 
0-7848 
0-7882 

0-7440 

D-B66 

0-MO 

0-B9S 
0800 

0-610 

0  620 
0-626 

0-T6X7 
0-7688 

0-7681 

0;V778 

0-7IT4 
0-J906 

0686 
0-840 
0-846 
0-650 
0-6M 
0-660 
0-666 

0-880 

0W6 

0-71W8 
0-8000 

O'sosi 

O-S082 

0-B1S6 
0-8186 
0-821 B 
08B48 

08306 
0-8887 

TABLE  XI. 

P41TARR  Roots  of  Nuhbsrs  p 
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< 

sssiiilliiSii 

- 

isiilsliliiS! 

•. 

SSSSISSSSgSSSS 

- 

sillssiSiisii 

-. 

CKSffSSKKSSSSSg 

- 

assssssHssssis 

•« 

SSSSSSSSSiSSSSg 

- 

ssssssssissaag? 

« 

SJSSSSSSSSSSSS 

- 

23SS3SSSESS§SS 

.« 

Sisassssssssssss 

- 

i'12 
1-18 

1-33 
1-40 
1-48 
1-55 
1-62 
1-70 
177 

1-92 
1-98 
2-07 

•« 

SSS22§SiSS5SSSS 

- 

SSSSSSSSSSiSSSSS 

<  1  ■■-"'••'— "SSSSX    1 
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Fomtvhx  (<:/.  Chap.  II.) 

(1)  -£1 ^"  =  29-27 

27S  +  1     273  '■ 

(2)  4  =  18,400  V-^. 

(3)  h-l8,miog^  .  (l  +  0-0037()  (l+?HZp  +  «lV 

X {1  +  0'0028 COB 2*)  (1  +  2—) . 

(4)  '  0'=iB"  =  |(F'-82). 

(5)  /=l-08, ?^-. 

1  +  0-O0387( 

(9)  Specific  humidity-0'B23  ■  ' 

6-0-377«" 

(7)  e-B'-''J*?(lr£)*   (ordinary  payehrometer  or  vfet  and 

610 -C  dry  bulb  thermometers). 

(8)  e-e'-om-i')-^*™"'''**^'^    psychrometer   or   Tenti- 

755  latedwBtanddrybulbthermometarB). 

(9)«A-««10"^. 
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TABLE  XIII. 
Barometric  Hbioht  Table  (Height  in  metrM). 


i 

Haul  temp,  of  the  oolnmD  of  air  in  '  a 

|c3 

§ 

1 

20° 

10° 

0* 

-10* 
-81 

-20* 

S-s 

770 

-90 

-87 

-84 

-78 

~^ 

760 

28 

32 

21 

20 

19 

n 

760 

137 

1S2 

197 

123 

118 

740 

262 

243 

336 

227 

219 

f» 

780 

SOS 

3GB 

344 

382 

320 

7-20 

488 

171 

465 

489 

123 

I0-. 

710 

608 

687 

E67 

547 

527 

700 

7S0 

706 

680 

656 

6S2  ;l" 

St 

690 

864 

826 

796 

787 

738 

680 

980 

946 

SIS 

880 

817 

670 

1107 

1070 

1032 

S91 

966 

660 

123; 

1195 

1162 

1109 

1067 

660 

1368 

1322 

1276 

1228 

1181 

610 

1502 

1460 

1309 

1348 

1297 

630 

1687 

1581 

1625 

1469 

1113 

620 

1776 

1714 

1654 

16S3 

1632 

610 

1S16 

1860 

1784 

1718 

1668 

600 

2067 

1987 

1917 

1847 

1777  "■; 

690 

2202 

2127 

2052 

1977 

1902  "* 

580 

2340 

2289 

2189 

2109 

2023  1 ;!! 

670 

2499 

2*11 

2328 

2243 

2158  1    ' 

680 

2661 

2661 

2170 

2380 

2290  i """ 

660 

2807 

2711 

2615 

2619 

2423 1 '" 

540 

2966 

2883 

2762 

2861 

2560  1  "■' 

630 

3126 

3019 

2806 

2698 :  If, 

520 

3290 

■177 

8066 

2963 

2811  i"' 

610 

8467 

3339 

3221 

3103 

29851'" 

GOO 

3828 

3604 

3880 

S258 

3132    " 

4fl0 

3872 

3642 

3112 

8282 !  "^ 

*80 

3843 

3708 

3572 

3436  "■* 

470 

4019 

3876 

3731 

8692,'" 

4S0 

4198 

1049 

3901 

3758 

460 

4380 

4226 

1071 

8916 

440 

4667 

4408 

1216 

1083 

430 

1768 

1601 

«22 

1SG3 

14^ 

TABLE  Xm.—>xnli»wd. 


i 

Mean  temp,  of  the  oolnnm  of  air  in 

a 

1^ 

1^ 

1 

SO" 

10° 

0° 

-10' 

-20° 

420 

1>56 

1.^ 

4780 

is« 

4601 

18^ 

4428 

17-S 

1^ 

no 

Bise 

497B 

4791 

4608 

400 

6361 

5171 

4982 

4792 

3S0 

5572 

6375 

6178 

4981 

380 

5788 

5583 

6379 

6174 

H70 

aoio 

5787 

5585 

6372 

:t60 

6i!38 

6017 

5797 

5678 

350 

S47S 

6341 

8015 

6786 

310 

6714 

847r 

6239 

6002  '" 

380 

6963 

6716 

6470 

6224  ""* 

320 

7219 

6961 

6709 

6153 

310 

7483 

7219 

6954 

8690 

300 

7767 

7482 

7208 

8934 

■190 

S139 

7755 

7471 

7188 

2S0 

8381 

8087 

7742 

7448 

270 

8631 

S3SB 

8024 

7718 

260 

8049 

8633 

8817 

8000 

260 

9278 

sa-7 

8948 

Sl-6 

8620 

"^ 

8292 

«w 

m 

250 

9276 

8948 

8620 

8392 

SI« 

200 

mss 

Ji-i 

10749 

10318 

9951 

150 

13536 

13058 

12579 

12101 

100 

16926 

1S327 

15729 

15130 

50 

32717 

21911 

21110 

,„ 

20308 

'" 

" 

The  small  Bgnre!!  between  each  Hue  giva  the  kiteration  in 
hewht  for  a  difiereuce  of  pressure  of  1  mm. 

Example :— If  the  pressure  at  the  lower  station  is  7S0  mm., 
at  the  upper  station  180  mm.,  and  the  mean  temperature  of  the 
air  between  the  two  Btations  is  10°,  thea  the  difference  in  height 
of  the  two  stations  is  3813  -  356-3437  metres. 
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TABLE  XIV. 

QE  Mbrcurt  Baroueter  to  0°  C. 


400 

0-0 
0-1 
0-3 
0-4 
0'5 

0-6 
0-7 
0-B 
I'O 
1-2 

1-3 
14 
1-8 
17 

1-8 

2-0 
2'I 
2 '3 
2 '4 
2-B 

2-6 

4G0 

5.0 

0-0 
0-2 
0'3 
05 
0-0 

0-8 
1-0 
1-1 
1-8 
1-5 

1-6 
1-8 
2  0 
2-1 
2-3 

2-6 
2-6 
2-8 
2-9 
31 

3-3 

G50 

0-0 
0-2 
0-4 
0-6 
07 

09 
1-1 
1-2 
1-4 
1-6 

1-8 
2-0 
2-2 
2-3 
2-5 

2-7 
2-9 
8-0 
3-2 
3'4 

3-8 

SOO   SGO 

700 

760 

0-0 
0-3 
0-6 
0-7 
1-0 

1-2 
1-6 
1-7 

2'0 
2-2 

2-5 
2-7 
2 '9 
3-2 

3-7 
3-9 
4  1 

4-8 

4-B 

800 

0-0 
0-3 
0-6 

0-8 
1-0 

1-3 
1-6 

1*8 
2'1 
2-3 

2-6 

2-9 
3-1 
8'4 
3  6 

S-9 
4-2 
4-4 
4-7 
4-9 

6-2 

Temp.  0°  C. 

4 
6 

10 
12 

14 

le 

IS 

20 
22 
24 
2S 
2S 

30 
82 
34 
30 
38 

40 

0 

0 
0 

0 
0 

1 
1 

1 

1 
2 

2 

2 
2 

0 
2 

4 

7 
9 
0 
2 

5 

7 

t 
1 

3 
5 
6 
8 

e 

0-0 
0-2 
0-4 
0-0 
0-8 

10 
1-2 
1-4 
1-6 

1-8 

2  0 
2-2 
23 
2-5 
2-7 

SO 

3'E 
3-7 

3-8 

0 
0 
0 
0 
0 

1 
1 
1 

2 
2 
2 
2 

3 

4 

0 
2 

4 
6 

S 
7 

9 

1 
8 
5 

) 

2 
4 
S 

) 

3 

0 
0 
0 
0 
0 

1 

1 
1 

2 

2 
2 
2 

8 

4 

0 
2 

E 
7 

9 

2 
4 
6 

8 
0 

3 
5 
7 
■0 

■2 

4 

9 
1 
3 

8 

The   numbsTB  i 
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FoMtni^B  («/■.  Chap,  IV.) 
A  =  l-293(l-s). 


Height  faotor{B)  n=^//-L  _ 
Nonnsl  height  for  hydrogen  balloona  : 

(9)  ft,H=-11833  +  6133Iog— ,  . 
Nomial  height  for  coal-gas  balloouB : 

(10)  V= -16445  +  6133  log  ^. 

Om 
Normal  height  for  loaded  boIlooDB : 

(12)  A,  =  18i001og— ^^ 

Ballast  formula : 

(13)  a=a.-^[(i'-0-(i-01- 
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TABLE  XV. 
Oalovlatioh  or  thb  Nobmal  Hkioht  or  *  Balloon. 

Ag=lS4O01ogn. 

If  V  ia  the  Tolame  of  the  balloon  in  cnbic  metres,  A  =  thF 
lift  or  buoyancy  of  a  cubic  metro  of  the  gsa  in  to.  at  a  borometrio 
pressure  =  b  mm,  aud  at  0°  0.,  O  the  weight  of  tae  loaded  balloon 
in  kg.,  then  n—-^',  and  the  table  gives  the  normal  height 
attainable  by  the  balloon  above  the  niveau  where  the  barametric 


» 

. 

. 

■ 

* 

6 

S 

T 

B 

9 

„ 

n 

%: 

m 

,^? 

,^ 

466 

,5J1 

,j;j 

» 

-« 

MM 

MM 

iwf 

40DS 

tiifl 

hJJU 

em 

ttiW 

6*66 

M!7 

B!.7» 

MW 

U&B 

ua» 

n=  ioorresponds  to  twice  the  height  of  B=2 
«=  8  „  three  times      „      w-3 

n=16  „  four      „  ,,      n  =  3 


Example  1:  n  =  l'645. 
The  Aoorrespoading  ton  =  l'S4  is  8952, 
,,  „  n=l'85„  4001, 

IXirerence=  49, 

whence  for  n^l  ■646,  fe=8952+48-xl)'6= 3977  metres. 
Example 2:  n-S'64S. 

log  n=log  8'B43  =  log  (s  x^^) 

=log8  +  logl-0S8. 
whence  A=I8400  log  S4- 18400  log  1-0S8. 

For  n  =  8  =  2"  the  table  gives  A  =  3  x  SPSS  =  18617  m, 
n=l'068  „  A=  626  m. 
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TABLE  XVI. 


Clreniii- 

Conteute 
oltlie 

Suilue 
ottha 

BuofancTfrfthe 
BBlloODaUedoith    1 

BalliKni. 

Aoon. 

Balluon, 

Balloon. 

Hydrogen. 

CoalQa*. 

D-4/!I 

-iD 

v.'^ 

^oVV 

in 

In 

in 

In 

meltes. 

cb,  n.. 

«l.ni. 
0-160 

kg. 

kg. 

0-26 

078fi 

0-008 

0-009 

0-005 

0-60 

1-671 

0-06E 

0-785 

0-072 

0-046 

075 

2-356 

0-221 

1767 

0-248 

0-155 

TOO 

3-H2 

0-524 

3-142 

0-576 

0-J67 

1-26 

3-927 

1-023 

4-909 

1-125 

0716 

1-50 

4712 

1767 

7-068 

1-944 

1-237 

175 

5  ■498 

2-806 

8-621 

3-087 

1-964 

2-00 

6-283 

4-188 

12-66 

4-608 

2-082 

2-25 

7-089 

5-964 

16-90 

6-660 

4-176 

2-fiO 

7-854 

8-181 

19-6* 

8-99S 

6727 

275 

8-839 

10*89 

23-76 

11-98 

7-622 

8  00 

9-425 

14-14 

28-27 

15-55 

9-896 

3-25 

10-21 

I7-B4 

33-18 

19-73 

12-66 

3  GO 

11-00 

22-45 

38-48 

2470 

1572 

876 

11-78 

26-37 

44-18 

28-01 

18-46 

4-00 

12-37 

33-51 

50-27 

S6-86 

23-46 

«-26 

13-14 

40-19 

5674 

44-21 

28-14 

4-60 

1414 

4772 

68-62 

52-49 

33-40 

4-75 

14-92 

58  11 

70-88 

6173 

3»-28 

6-00 

1671 

66-45 

78-64 

72-00 

45-81 

5-SO 

17-28 

87-11 

85-03 

96-82 

00  98 

676 

18-10 

100 

104 

110 

70-00 

6-00 

IS'SG 

118 

lis 

124 

7(17 

8E0 

20-42 

144 

183 

168 

111 

8-69 

20-67 

150 

138 

166 

116 

7-00 

21-B9 

180 

164 

198 

126 

7 -ail 

28-83 

200 

178 

2S0 

140 

POCEKT   BOOK  OF   ABRONAnTIOS 
TABLE  XYl.—eaniintttd. 


otm 

dicum- 
tennce 

ContenU 

BorfMe 
orUie 

■ass-iffo. 

BallODIi. 

Ml^l 

Mlom. 

Billoon. 

H/drogeo. 

Co^Ou. 

D=VCV 

-.D 

"-1- 

:£ 

^-iy 

VtV 

in 

in 

In 

In 

met™.. 

motret. 

cb.ni. 

.q.m. 

kg- 

kg- 

7-60 

28-66 

221 

177 

243 

156 

7-82 

24-60 

260 

191 

275 

176 

S-00 

25-13 

368 

201 

29G 

188 

8-30 

29  07 

800 

318 

330 

210 

8-60 

2870 

323 

327 

364 

226 

8-74 

27-4fl 

360 

S40 

385 

2J6 

e-00 

28-27 

382 

254 

420 

2S7 

9  14 

29-88 

400 

276 

440 

280 

S-60 

39-85 

460 

284 

496 

826 

8 -SB 

30-91 

500 

304 

650 

350 

10-00 

31-42 

624 

314 

676 

366 

10-47 

32-86 

600 

344 

660 

420 

10-60 

3ii-99 

606 

346 

661 

424 

1100 

34-58 

697 

880 

767 

487 

11-02 

34-62 

700 

382 

770 

490 

11  SO 

36-12 

7B6 

416 

875 

557 

11 -53 

38-19 

800 

417 

880 

560 

11-98 

37  64 

900 

451 

990 

630 

12-00 

37-70 

905 

452 

996 

883 

12-41 

38-96 

1000 

483 

1100 

700 

12'60 

39-27 

1024 

491 

1196 

719 

13-00 

40-84 

1160 

631 

1265 

805 

13-18 

1200 

546 

1330 

840 

13-50 

42-41 

1288 

673 

1417 

901 

13-88 

48-60 

1400 

605 

1540 

980 

14-00 

43-98 

1437 

616 

1580 

1006 

14-60 

45-65 

1596 

860 

1755 

1117 

14-61 

46-66 

1600 

661 

1760 

1120 

15-00 

4711 

1767 

707 

1944 

1236 

16-08 

47-37 

1800 

714 

1980 

1260 

15-60 

48-70 

1950 

765 

2146 

1865 

15-88 

""' 

2000 

767 

2200 

1400 

TABLES   AND  t 
TABLE  XVl.—c(mtiuved. 


DianieUr 
of  the 

lerencB 

CODtenbi 

SnrtioB 
Dttha 

BoormiicTofUio 

BaUoOQ  fl1l«d  with 

B.Uo™. 

B&Uoon, 

BbIIooh. 

BBlloon. 

HTdragen. 

Co.lQ«. 

D.4/^V 

=~D 

H- 

-ItffS 

W,- 

0-7  v" 

Id 

in 

In 

metr«. 
lfl-00 

meWs*. 

cb.m. 

■q.  m. 

kg- 

Us. 

60-26 

2145 

80* 

2360 

1501 

16-50 

6184 

2350 

856 

2585 

1645 

16-84 

62-90 

2500 

891 

2750 

1750 

17  00 

63-41 

2572 

90S 

2829 

1800 

17-60 

54 -93 

2810 

982 

3091          1967     1 

1/-89 

58-17 

3000 

1004 

3300     '     2100 

18-00 

58-55 

3064 

1018 

3359     1     2137     1 

18-50 

B8-12 

3360 

1076 

3886          2846 

18-8i 

59-19 

8500 

1115 

3760          3450 

18-00 

59-69 

■3590 

1134 

3949     1     2613 

IB -50 

61-26 

3880 

1195 

4268 

2716 

19-89 

61-82 

4000 

1217 

4400 

2800 

20-00 

62-8S 

4189 

1257 

4S08 

2932 

20-48 

64-31 

4600 

1318 

4900 

3160 

20-60 

64>40 

4611 

1320 

4962 

8157 

21-00 

65 -S7 

4360 

1386 

6336 

3235 

21-22 

66-87 

5» 

1415 

5600 

3600 

.Google 
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TABLES  AND   FORMULA 


Name  of  Town. 

M««>  local 

time  at 
Greenwich 

Greenwich 
time  at 

(local  time). 

Aix-la-Cbapelle 

Antwerji, . 
Astracban, 
Athena,    . 
Basle,       . 
Batavia,    . 
BerUn,      . 
Beme,      . 
Bologna,  . 
Bonn,       . 
Bregencc, 

Brest,"'    . 

Brunn,     . 
BrOBseh,  . 

Buenos  Ay^es, 
Cairo,       . 
Oalcutte,  . 
Cambridge, 
Canton,     , 

OhristUna, 
Cincinnati, 
Cologne,   . 
Constantinople 
Coiienbagen, 
Dorpat,    . 
Dresden,  . 
Dublin,    . 

Florence,  . 

12.24   p.m. 

12.20      „ 

13.18      „ 

8.12      „ 

1.35      „ 

12.30      „ 

7.7       „ 

12.54      „ 

12.80      „ 

12.46      „ 

12.32      „ 

.   12.39      „ 

'      1-8       „ 

,    11.42  a.m. 

1     1.6     p.m. 

i  12.17i   .. 

8.6     a.m. 

2.5     p.m. 

1     7.33  p.m. 

i     6.10  a.ni. 

■  12.43   p,m. 

6.22   a.m, 

j ,«,  ^.. 

i'Si?  ;; 

1  12.56      „ 
11.35   a.m. 

i  11-47     „ 

10.49       „ 
1  12.45  p.m. 

11.36   a 

11.40 

11.43 

8.48 
10.26 
11.30 

4.63 
11.6 
11.30 
11.16 
11.28 
11.31 
10.52 
12.18  p 
10.64   a 

n.42i 

lit  I 

6.6 

4.27  a 

6.60  p 
11.17   a 

5.38  p 
11.82  i 
10.4 
11.10 
10.13 
11.6 
12.26   p 
12.18 

1,11 

m. 

480  POCKET  BOOK  OF  AKBOKAtmCS 

TABLE  Xl%.—coiUmtud. 


Mean  local 

Name  of  Town. 

Greeawich 

(locd  time). 

San  Francisco,  .... 

Geneva, 

GottiDgen,         .... 

Qi^ 

Greenwich 

Hebingfora 

18.86  p.m. 

3.60  B-m. 
12.26  p.m. 
12.40      „ 

1.2       „ 

12.40  p,ra. 
12.35      „ 
1.40      „ 

11.25  km. 
8.10  p.in. 
11.36  ft-m. 
11.20      „ 
10.68      „ 

11.20   a.m. 

11.25      „ 

10.20  „ 
8  83  „ 
B.39  „ 
9.58      „ 

11.48      „ 

11.2 

11.42      „ 

11.10  „ 
6.84  Pni. 

11.3    ».m. 

12.87  p.m. 

12.12     .. 

11.7     a.m. 

8.89      „ 
12.15  p.in. 
11.23  Lm. 
11.384   >. 

2.20     „ 

Jetuaalem,         .... 

2.21      „ 

!ia-.    ;    :    :    ; 

Leiden, 

12,17      „ 
13.58      „ 

L^ 

Linz, 

Lisbon 

Liverpool,         .... 

London 

Lund 

12.50      „ 
3.61ia.m. 
12.57  p.in. 
11.23  a.ni. 
11.48      „ 

12.53  p'.m. 

Madrid, 

Milan, 

Maraeillea 

Melbourne 

11.45   a.m. 
13.37  p.ni. 
12.21i    „ 
S.40      „ 

9.30      „ 
11.14       „ 

11.3        „ 

Munich 

NaplBB, 

12.48      „ 
13.57      „ 

New  York,        .... 

Olmiit 

Oxford, 

7.4 

1.9     p.m. 
11.55   a.m. 

4.56      „ 
10.51   tt.m. 
12.6     p.nL 

'■C^- 


~.Goo<\h 


TABLES  AND   PORUULAI 
TABLE  XlS.—'xniiniud, 


Name  of  Town. 

Mean  local 

time  at 
Greenwich 

Oreenwich 
time  at 

(loci  time). 

Padua,     . 
Palermo,  . 
Paris,        . 
Pekin,      . 

Bio  de  Janeiro, 

St  Helena, 
St  PeterabuTB, 

Stockholm, 
StroMbnrg, 

z:x: 

TiflU,        . 
Trieste,     . 
Turin, 

Venice,     . 
Vienna,    . 
Warsaw,  . 
Washington, 
Zurich,     . 

12.47ip.m. 
12.63      „ 
12.9       „ 

7.49      „ 

6.59    a.m. 
12.68   p.m. 

2.1 

1.87      „ 

K.7     a.ra. 

2.  SO  |i.m. 
12.18      „ 

a  14      „ 
11.37   a.m. 

2.1     p.m. 
11.12      „ 
12.31      „ 
10.5        „ 
10.B3   a.m. 

2.BB   p-ra. 
12.55      „ 
12.31      „ 

l.lOi    „ 

7.14   a-m. 
ia.49  p,m. 

i.si    ,, 

1.24       „ 
8.52  a.m. 
12.34  p.m. 

11.12ia.m. 

11-7       „ 

11.61       „ 
4.14       „ 

9.69  „ 
10.23      „ 

2.63  p.m. 
11.10  a.ni. 

11.42  „ 
9.46      „ 

12.23  p.m. 
S.69   a.>u. 

10.48      „ 

11.29  „ 
1.55      „ 

1.7  p.m. 
9.1     a.m. 

11.5       „ 
11.29      „ 
I0.49i    „ 

10.54i    „ 
10.36      „ 

6.8  p.m. 

(Sioglc 
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TABLE  XZ.    - 


UdtDde. 

SuDtise. 

Smuet. 

W 

60' 

52- 

64'' 

5S' 

48° 

60° 

62" 

64'' 

66° 

h.m. 

h.m. 

Km. 

h.m. 

h.m. 

i.m. 

h.  m. 

l.m. 

h.in. 

km. 

Jftn. 

1 

7  62 

8    1 

8  11 

8  22 

8  35 

4  15 

4    8 

3  66 

3  46 

3  32 

11 

7  60 

7  58 

8    7 

8  17 

8  29 

4  18 

4    9 

3  59 

3  47 

21 

7  43 

7  50 

7Efl 

a  7 

8  17 

4  40 

4  33 

4  26 

4  18 

4    6 

Feb. 

1 

7  31 

7  37 

7  44 

7  51 

7  59 

4  67 

4  61 

4  45 

4  37 

4  29 

11 

7  IS 

7  21 

7  26 

7  32 

7S8 

5  13 

5    8 

6    3 

4S8 

4  52 

21 

6  59 

7    3 

7    7 

7  11 

7  15 

529 

G2S 

6  22 

G18 

6  14 

Mar. 

1 

S4S 

8  47 

6  60 

6  53 

6  66 

6  42 

5  39 

5  37 

5  34 

5  SI 

11 

S25 

6  26 

8  27 

838 

8  28 

6  67 

5  66 

5  64 

6  53 

5  52. 

21 

e  i 

6    4 

8    4 

6    4 

8    4 

6  11 

8  11 

612 

6  12 

6  12, 

Apr. 

I 

6  42 

6  40 

6  89 

6  37 

5  34 

6  27 

8  29 

8  31 

6  33 

8  88 

11 

5  22 

6  19 

6  16 

6  12 

6    8 

6  41 

6  44 

6  48 

8  61 

6  66 

21 

6    3 

4  59 

4  64 

4  4S 

4  43 

6  68 

7   0 

7    6 

7  10 

7  16 

May 

1 

as 

4  40 

4  34 

4  27 

4  20 

7  10 

7  15 

7  22 

728 

7  36 

11 

4  30 

423 

1  16 

4    7 

3  68 

7  24 

7  30 

7  33 

7  16 

7  65 

21 

4  17 

4    9 

4    I 

3  51 

3  40 

7  36 

7  U 

7  53 

8    2 

8  13 

June 

1 

4    7 

368 

3  49 

3  38 

3  28 

7  48 

7  57 

8    7 

8  18 

8  30 

H 

4    2 

3  53 

3  43 

8  3) 

3  19 

7  67 

8    6 

8  18 

8  28 

8  40 

21 

t    2 

3  62 

3  41 

3  29 

318 

8    1 

810 

8  21 

8  33 

8  46' 

July 

1 

4    6 

3Efl 

3  48 

8  34 

3  22 

8    1 

8  10 

8  21 

8  33 

8  45 

11 

413 

4    4 

3  64 

3  43 

3  31 

7  67 

8    6 

8  16 

8  27 

8  39 

21 

4  28 

4  15 

4    6 

3  66 

S48 

7  48 

7  66 

8    6 

8  16 

8  26 

Aug. 

1 

4  38 

4  SO 

422 

4  14 

4    5 

7  36 

7  42 

7  49 

7  57 

8    8 

11 

4  49 

4  44 

4  38 

4  31 

4  24 

720 

7  26 

7  31 

7  88 

7  46 

21 

&    3 

4  5S 

4G4 

4  49 

4  43 

7    2 

7    6 

7  11 

7  16 

732. 

TifLSS  AND   FORMULA 
TABLE  UL—coniintied. 


Latitude. 

Snnrue, 

SuDsat                  1 

48* 

60° 

62'  '   64° 

68° 

48* 

60° 

62* 

54° 

66* 

8.P.,   _■ 

„       21 

Oct      1 
..      11 

„       21 

Nov.     1 
..      11 

.>       21 

Dec.      1 
,.      11 
,.      21 

i.m. 

5  18 
5S2 

6  45 

(59 
SI4 
3  29 

6  45 

7  1 
7  16 

7  30 

7  41 
7  48 

h.  m. 
6  15 

5  30 

6  45 

6    0 

aie 

6  32 

8  BO 

7  7 
7  23 

7SS 
7  50 
7E8 

h.  m. 
6  12 
6  28 

5  45 

8    1 
8  18 
8  36 

6  66 

7  14 
7  31 

7  47 

8  0 
8    8 

Lm. 
6    S 

5  28 

6  14 

8    2 
6  20 

6  40 

7  1 
7  21 
7  40 

7  67 

8  11 
8  19 

h.  m. 
6    4 
6  24 
6  14 

6    3 

6  15 

7  8 
7  30 

7  60 

3    9 

8  24 
S3] 

b.  m. 
6  41 
6  21 
8    0 

5  39 

5  19 

6  0 

4  41 
4  27 
4  15 

4    8 
i    5 
4    7 

6  41 
6  23 

e   0 

5  38 
5  17 
4  57 

4  21 
4    8 

4    0 

3  56 
3  68 

h.m. 
8  47 
6  24 
6    1 

5  15 

153 

4  31 
4  14 
1    0 

3  61 
3  48 
3  46 

h.m. 
6  61 

8    1 

6  36 
6  12 

119 

4  25 
4    « 
3  61 

3  40 

3  35 
3  36 

Lm, 
6  55 
6  28 
6    1 

6  35 
5    9 
4  44 

4  18 

3  41 

328 
3  22 

8  22 

TABLE    XXI. 

Lboskobb's  Elliptical  FuHCTiona. 


e 

.£■ 

£, 

^1 

» 

K 

S, 

■f. 

h 

0  0000 

1-6708 

1-6708 

1 

0-0176 

1-6707 

1'6709 

0-1908 

1-5564 

1  -5854 

•f, 

0-0348 

1-5703 

1-5713 

\'f. 

0-2079 

1-5537 

1-6882 

0-0523 

1  -6697 

1-6719 

1.1 

0-2260 

1-6507 

1  -5913 

0-2419 

1-6478 

1-5946 

5 

0-0872 

1-6678 

1-6738 

15 

0-2688 

1-6442 

1-6981 

a 

0-1016 

1-6665 

1-5761 

16 

0-2766 

1-5405 

1-8020 

7 

0-1219 

1-6649 

1-5767 

tv 

0-2924 

1-5387 

1-6061 

8 

0-1392 

1-5633 

1  -6785 

IN 

0-3080 

1-6328 

1-6106 

1-6805 

IK 

0-3268 

1-5283 

1-8161 

10 

01738 

1-6688 

1-5828 

20 

0-3420 

1-523S 

1-6200 
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e 

21 

K 

0'3684 

^\ 

^1 

6°8 

K 

0-8290 

^, 

■F. 

1-6191 

]  ■6253 

1-2492 

2-0571 

32 

0-3746 

1-6141 

1-6307 

57 

0-8387 

1-2897 

2-0804 

23 

0-3807 

1-5090 

1-8365 

68 

0-8480 

1-2301 

2-1047 

24 

0-4067 

1-5037 

1-6428 

69 

0-8672 

2-1300 

25 

0-4226 

1-4B81 

1-6490 

60 

0-8680 

1-2H1 

2-1685 

26 

0-4384 

1  -4924 

1-6557 

61 

0-8748 

1-2015 

2-1842 

27 

0-4540 

1-4864 

1-6627 

62 

0-8829 

1-1820 

2-2132 

28 

0-4696 

1-4803 

1-6701 

63 

0-8910 

1-1 S26 

2-2435 

29 

0-J848 

1  -4740 

1-6777 

64 

0-8B83 

1-1732 

2-2754 

30 

0-6000 

1  -mn 

1-6858 

66 

0-9063 

1-1638 

2-3088 

31 

0-5150 

1-4608 

1-6941 

86 

0-9136 

1-1645 

2-3439 

32 

0-6299 

1-1539 

1-7028 

67 

0-9306 

1-1453 

2-3808 

3S 

0-5446 

1-4467 

1-7119 

88 

0-9272 

1-1382 

2-4198 

31 

0-6592 

1-4397 

1-7214 

69 

0-9338 

1-1272 

2-4810 

35 

0-5736 

1-4323 

1-7812 

70 

0-9397 

1-1184 

2-5046 

38 

0-6878 

1-4248 

1-7415 

71 

0-9465 

1-1098 

3-6507 

37 

0-a018 

1-4171 

1-7522 

72 

0-9611 

1-1011 

2-6998 

88 

0-6167 

1-4092 

1-7633 

73 

0-9663 

1-0927 

2-6521 

3e 

0-6293 

1-4013 

1-7748 

74 

0-9618 

1  -0844 

2-7081 

40 

0-8428 

1-3931 

1-7888 

76 

0-8659 

1-0764 

2-7681 

41 

0-6561 

1'3849 

1-7992 

76 

0-9703 

1-0886 

2-8327 

42 

0-6691 

1-3765 

1-8122 

77 

0-8744 

1-0611 

2-9038 

43 

0-6820 

1-3880 

1-8258 

78 

0-9781 

1-0638 

2-9786 

44 

0-0947 

1-3594 

1-8396 

79 

0-9816 

1-0468 

3-0617 

45 

0-7071 

1-3508 

1-8641 

80 

0-9848 

roioi 

3-1634 

46 

0-71S8 

1-3418 

1-8891 

81 

0-9877 

1-0338 

3-2563 

47 

0-7314 

1-3329 

1-8848 

82 

0-9803 

1-0278 

3-3699 

18 

0-7431 

1-3-238 

1-eoii 

S3 

0-9925 

1-0223 

3-5004 

4B 

0-/647 

1-3147 

1-Bieo 

S4 

0-B945 

1-0172 

3-6619 

50 

0-7660 

1-3055 

1-9358 

86 

0-9962 

1-0127 

3-8317 

51 

0-7771 

1-2883 

1-9589 

88 

0-9976 

1-0086 

4-0528 

62 

0-7880 

1-2870 

1-9729 

87 

0-9988 

1-0068 

4-3387 

53 

0-7988 

1-3778 

1-9927 

88 

0-9894 

1-0026 

4-7427 

64 

0-8090 

1-2881 

2-0183 

89 

0-9998 

1-0008 

6-4349 

56 

0-8193 

1-2687 

2  0847 
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1-0000 
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r   ABHONAOnOS 


PHOTOGSAPHIO  FOBKtnJB. 

DlTBLOPSBB. 

1.  Iron  oxalate  derelopei. 

Solntion     I.     Potaasimu  ozotAto,  200  gm. 

Water,        .        .  .    800  c.o. 

BalntioD   II.     Ferrona  sulphate,  100  em. 

SalphDiia  ooid,    .  .        G  diopa. 

Water,         .        .  ,300  o.c, 

m  bromide,  .      10  gm. 

100  O.C. 

Use  30  CO.  of  solation  I.  to  10  c.o.  of  Bolatiou  II.,  audaboDt 
10  droiia  of  solution  IlL 

For  oTer-eipoeed  pkte,  um  lees  of  eolation  II.  and  more  of 
Boluljon  III. 

For  imder-expOBSd  plates,  immerse,  previous  to  derelopiDg,  in 
aBolntion  of  1  gm,  of  Boditunli;poBulpnate(Iijpo)mIOOO<].o.  of 

2.  Pyrogallic  acid  developer. 

Solution     I.    Sodium  sulphite  (crystAlliue),  100  gm. 
Pyrossllic  acid,   .                 .     14    ,, 
Sulphuric  acid,    ...       8  drops. 
Water 500  ac. 


Solution  III.     PotasBium  citrate,  orcommon 


IDgm. 
,   lOOco. 
0.  of  eolation  II.,  and  two  o 


1.  JBj/droqtiimnu  developer. 

Solution  I,  Sodium  sulphite, 
Hydroquinone,  . 
Water, 


Use  equal  quantitdee  of  each  solation  (saj  2' 
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4.  Eikimogvn  deTslopar, 


Sodium  Milpbite, 

Eikonogea, . 
Sulphuric  acid,    , 
Water, 


100  gm. 

26    „ 
8  drops. 


.   lOOOcc 
c  of  solution  II.,  oddiogafew 

.  Paramidaphtnol  {Eodinol)    developer  (a    single   aolntion 
developer). 
Sodium  Bulphite, 80  gm. 


6.  JVdoI  developer. 

Solution   I.     Sodium  sulphite. 


Solution  II.     Fotasdum 

Water, 
Use  three  parta  of  Bolution  I.  1 
7.  Amidol  developer. 

Sodium  sulphite, 

Amidol, . 

Water,     . 


GOgm. 

,  lOOOc'c. 


FiziHO  Bath. 
A  20  per  cent,  aolaljoii  of  hjpo. 


Solntion  I.    Hypo,         ....    100  gm. 
Water,         ....     SOO  co. 
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Solotlou  IL    PoUsdnm  femoruiide 

(redpnuButaofpotaah),  . 
Water 


Uu  twsnty  parts  of  bo 
(Not  applicable  t«  plal 


Solatiou  II.     Sodinm  snlphito, . 
Water, 
Immenw  the  ac^tire  in  golutaon  1.  antil  it 

white  ;  rinae,  and  ii ' 1-^—  i.   un 

and  dry. 

POSTAL  DrFOBHAHON. 

INLAND  POST. 

Letter  Foil. 

The  prepaid  Tate  of  postage  is  aa  fbllowfi :— Not  axeeediug 

4  01.  in  weight,  Id.  ;  for  ererj  additional  2  oz,,  ^d.     No  letter 

mav  Biooetf  2  ft  in  len^,  1  ft.  in  width,  ot  1  ft,  in  depth. 

A  letter  posted  unpaid  la  chargeable  on  dolireiy  with  doable 

postage ;  a  letter  insnfficientl;  paid,  with  doable  the  deficiencj. 

PoitOardi. 


postage  of  Idl     Maximum  aize,  6}  in.  x  S}  in.  ;  minimum  s 
81  in.  X  2}  in. 

Balfpenny  Paeket  Pott. 

The  halfpenny  packet  poat  can  be  osed  onlj  for  packets  not 
exceeding  2  oz.  in  weight.  Printed  or  written  matter  not  in 
the  nature  of  a  letter,  and  printed  or  written  on  paper  or  some 
substance  ordinarily  used  for  printing  or  writing,  may  be  tiana- 
mitted  by  halfpenny  packet  post. 

Parcel  PasL 


The  rates  of  poatage  on  parcels  are  a 
}t  exceeding  1  lb.  to  weurht,  3d.  ;  e 
iceeding  2  lb.,  id.  ;  exceeSng  2  lb,  ai 
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M, ;  exceeding  3  lb.  sod  not  ezoeeding  S  lb.,  6d. ;  eEceeding 
S  lb.  and  not  exceeding  7  lb,,  7d.  ;  exceeding  7  lb.  and  not 
exceeding  8  lb.,  8d.  ;  exceeding  S  lb.  and  not  exceeding  9  lb., 
9d.  ;  exceeding  9  lb.  and  not  exceeding  10  lb.,  lOd. ;  exceeding 

10  lb.  and  not  exceeding  11  lb.,  lid.     No  parcel  ma;  en^ed 

11  lb.  in  weight.  Size  : — The  size  allowed  for  an  inland  parcel 
is — K^eatest  length,  3  ft.  S  in. ;  greatest  length  and  girth 
combined,  6  ft 

EegMration. 

CorreBpandence  of  aoj  kind  (iocloding  parcels)  can  be 
registered.  The  ordinary  regiatration  fee  ia  2a.  in  addition  to 
the  postage.  The  limit  of  campensation  payable  for  this  fee  is 
£5.  By  paying  an  increased  reeistralion  fee  an  increased  limit 
of  compensation  may  be  ensured  ;  for  partiouliire  see  the  Poet 
Qfflce  (fuide. 

I-aJaad  Telegrtma. 

The  charge  m  3d.  for  the  Sist  twelve  woida,  including  the 
addreea,  and  {d.  for  ereij  additional  word. 

FOaEIQN  AND  COLONIAL  POST. 

Ldi^Post. 
The  prepaid   rate  of   postage  on   letters  from  the  United 


The  prepaid  rate  of  post^  on  eveiy  poet  card  for  a  destina- 
tion outside  the  United  Kingdom  is  la.,  and  on  erei;  reply 
post  card  2d. 

PHiUed  Paperi  and  Commercial  Papers, 
The  prepaid  rate  of  poatoge  on  printed  papers  foe  all  places 
abroad  is  Jd.  per  2  oz.,  and  on  commereial  papen  is  SJd.  for  the 
first  10  oz..  and  Jd.  per  2  oz.  thereafter.  'iKa  term  "printed 
papers  "  includes  newspapers,  books,  periodical  works,  pamphlets, 
sheets  of  music,  visiting  and  address  cards,  proofs  of  prmting, 
plans,  maps,  catatognes,  prospectuses,  announcements,  circulars, 
notices,  engravings,  photographs,  and  designs.  "ComnLercial 
papers  "  inclade  legal  documents,  bills  of  lading,  invoktea,  and 
other  documents  of  a  mercantile  character,  the  manuscript  of 
books  and  other  literary  works.  Limit  of  size,  1  fL  fl  in.  x  1  ft 
X 1  ft    Limit  of  weight,  4  lb. 
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The  tue  of  the  sample  poat  ia  restricted  to  (a)  bona-fide  trtule 
samples  of  merchotidise  without  saleable  value,  and  (A)  natural 
11181017  apecimene,  geological  specimens,  and  scientific  specimens 
generally  when  sent  for  no  commercial  purpose. 

PanxlPotl. 
For  particulars  consult  the  Post  Office  Quide. 

EegitlnUiim. 
The  fee  chargeable  for  registration  to  places  abroad  is  2d. 
This  secures  an  indemnity  for  loss  of  GO  fniDcs  in  nearly  all 
□onntries.  Insurances  may  be  effected  on  letters  and  parcels  for 
ftbroad  on  payment  of  certain  extra  fees  (maximum  2s.  3^  for 
a  limit  of  compensatiou  of  £120). 

FOREIGN  AND  COLONUL  TELEOEAUa 


European  Syitem. 
:initmiTn  Charge,  lOd.) 


Austria  and  Hungary, 

Belgium, 

Bnlgana, 

Canary  Islands  and  Acore, 

Denmark, 

Germany, 

Oibralter, 

Greece  and  Greek  Islands, 

Holland, 

Italy,     .        .         . 

Lnxenibarg,  . 

Malta,   . 

Morocco— Tangier, 

,,         Spanish  Possessions, 

Portugal, 
Konmajiia, 

Serria,  . 
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Sweden, 
SwiUerland,  . 
Turkey, 


Argentine  Republic,       .                 ,       4    2  per  word. 

Australia, 3    0  ,, 

Bennuda, 2    6  „ 

BoIiviB,  Chili,  Colombia,  Ecnador 

and  Psni, B    9  „ 

Brazil, 3b.  to  S    6  „ 

British  Central  Africa,  ...      2  11  ,, 

Canada  (Ontario  end  Quebec),         .10  ,, 

„       (Westem),         .        .     np  to  3    a  „ 

Oape  Colon; 2    6  „ 

Ce^OB, 2    1  „ 

Clunft, 4    C  „ 

EastAfriott,  .               .       2B.ld.  to3    7  ,, 

BctpI 10  ,, 

BnUsh  Guiftnft 7    0 

India 2    0  „ 

Japan 4  10  „ 

Madeira, 10  „ 

Malay  Peninsula,  .        .        .        .      3    t  „ 

Natal, S    e  „ 

New  Zealand,         ....      3    0  „ 

Persia, 16  „ 

Transvaal 2    S  ,, 

Unitod  SUtes,        .        .         .      Is.  to  1     6  ,, 

West  Aftica,  .                 .     3b.  ad.  to  11     0  „ 
West  Indies,  .                 .      Is.  Sd.  to    7     G 

MONEY  OEDEES  AND  POSTAL  OEDEES. 

Inland  Money  OrAers. 

The  rates  of  poundage   on  oidinar;  inland  mone;  orders 


POCKBT  BOOK  OF   ARRONAtmCB. 
Foreign  and  Celo«ial  Homy  Ordtn. 

IS  not  exceeding  £1,     . 
above  £1  but  not  above  £2, 


Issaed Cored.,  1b.,  la.  6d.,  29.  and  2a.  6d.  for  s  poundage  of 
}d.  ;  for  Si.  and  multiples  of  6d,  thereafter  up  to  16s.  for  a 
poundage  of  Id.  ;  and  for  IGa.  6d.  and  multiples  of  6d.  theie- 
■fter  up  to  208.,  uid  for  SIb.  ,  for  a  poundage  of  1^. 


.Google 


Adiabatic  processes,  8. 
Aerodjrnamical  ealcalationf,  386. 
AerouauticBl  navigation,  339. 
I  Aevoplaae  machinea,  381 . 
Air,  deuBitj  of,  869. 
Air  resistance,  measnremeat  o^ 


Balloon  materiata,  97. 

sport,  190. 
Balloons  in  warfare,  261. 
Barometric  he^lit  table,  4 


Annual    variatiop    of    ni«te< 
logical  elementa,  S8. 

Aqueons  rauour,  density  of,  6 

Archdeacon  H    gliding    machine, 
307. 

Arched   anrfacea   la   aeroplanes, 
2S8. 

AsAmann'H    ventilated    psjrcliTO- 

Atmosphere,  circulatiou  of.  67. 
constituents  of,  40. 
Iieight  of,  3,  10. 
humidity  of,  64. 
optical  phenomena  in,  74. 

properties  of,  10. 

temperature  of,  47. 
Attnospberic  electricity,  71. 

effecU  OQ  balloons,  176. 
AUimic  weights,  1&9. 

Ballast,  85. 

effect  of  casting  out,  178. 

bags,  131. 
Ballonets,  137. 
BaliOTU  londa,  ISS. 


teiblini 


., ..,...,{  apparatus,  277. 

Blades,  42l 

Bradeky-Laboan'g  air-ship,  33S. 
Bridle  for  kite,  150. 
Buoyancy  of  balloons,  93,  168. 

C.G.S.  eqiralenta  of  various  onita. 


Chanute's  flyiog  machines,  296. 
Characteristic  equation  of  a  gas,  2. 
UircuIatioQ  of  atmosphere,  67. 
Clasaiflcation  of  birds,  27a 
Clonda,  67. 

Clubs,  aeronautical,  436. 
Coal-gas,  manufocture  of,  !6. 
densit)>  of,  26,  29,  458,  460. 
Commission,  InteniBtional  Aero- 
autlcal,  437. 


tioni,  86,  1S2. 
Condensation  of  steam  and  con- 

deneers,  415. 
Conductor,  duty  of,  ISi. 
-         „         ■  n  material,  107, 

Cyclones  and  anticyclones,  64. 

DaLTON'B  law,  4. 

Degen'a  flying  apparatus,  2S1. 

Densityoitur,  m,  46a 
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Denut;  of  guu,  detormiiuttion 
of,  86. 

Deaign  of  ur-ahipi,  SW. 
of  tljiag  macliiiieB,  310. 

DcTelopment  of  military  balloon- 
mg,  217. 

DUmeten  of  air-ehlpg,  342. 
of  bsUaona,  relation  to  lift,  476. 

Diffusion  of  gases,  10. 

Dimensians  of  air-sliips.  341. 
of  fljriug  machiaei,  310. 

Directions  for  practitia]  fliglit,  292. 

Distribotiou  ot  rain  over  globe, 
60. 
of  temperature,  47. 

DiatnTbancea  in  equHibriaiu  of  a 
balloon,  Hi 

Diurnal   variations    of   meteoro- 
logical elemeuts,  SS. 

y.  Drieboix's  DSdaleon,  282. 

Driving  anchors,  128. 

Dynamical  air-stiipB,  379. 

EiLBCTBioaL  units.  400. 
Electridtf,  atmospheric,  71. 
E3ectric  motors,  102. 
EUiptleal  functions,  183. 
Engines,  air-ahip,  m 

Steam,  401. 
En^h    equivalents    of    metric 

metuDrea,  446. 
Envelopes    of    balloons,    making 
gas-tight.  08. 

strength  of,  100,  476. 

weights  of.  100. 
EsnauJt  -  Pelterie's    experiments, 

308. 
Eipensas,  balloon  statioD,  97. 

kite  station,  160. 
Eipiosion  motors,  117. 


Framework  of  air-ablp,  strenirth 

of,  364. 
Fnel,  106. 


constants,  160. 
engines.  117. 
mains,  sizes  of,  32. 
Gases,  ch  aracteristic  equation  of ,  2, 


H-AROBava's  tiring  mas 


e,  407. 


Height  attainable  by  balloons,  93. 
Height    of    bomogeneaus    aUno- 

Heinlein's  air-ship,  326. 
Herring's  eiperiraenta,  300. 
Bistory  of  derelopment  of  air- 
ship, 317. 

of  flying-machine,  2TS. 

of  military  ballooniog,  217. 
Hoops,  122. 
Hotrair  balloons,  141. 

for  MoDtgoMers,  2G. 
Humidity  of  air,  M. 
Hydrogen,  compression  of,  29. 

density  of,  188,  468,  460. 

preparation  of,  12. 
Hygrometry,  6,  64. 


of  hallooi 


if-mnci  on  flight,  88> 
ts  carried  by  balloai 


Fans,  131. 

Ferber's  glii 
Fire-balloons,  1 
Firing-down  balloo    , 
Flight,  human.     Eiperiments  by 
Lilienthal,  28f 
matliods  or,  272. 
Floats,  129. 
Flow  ofgas  through  pipes,  38,  464. 


Laws  of  aerodynainicaT  373. 

of  reaiatajicfl  of  air,  865. 
Lebaudy's  air-ships,  335,  486. 
L^ndre'a    eUiptii^    ninctiouB, 

Lennox's  air-sbip,  322. 
Leonardo  da  Vind's  designs,  276. 
LeppiR'i  air-ship,  321. 
Liftingpower  of  balloons,  93, 167. 

ofa«toplanes,  313,  378. 
Lilienthal's  experinienta,  285. 
Limiting   beigbt   of    a   balloon, 
181. 

of  B  kite,  116. 
Linseed  oil  varuiah,  6S. 
V.  Loessl's  eip«riaieuts,  365. 

Haqnaliuu,    weights    of    tube, 

wins,  etc.,  1D6. 
Maintenance  of  abape,  348. 
Mauufactiira  of  coal-gas,  26. 

cf  hyiirogen,  13. 
Marvin  kite,  164 
Materials  foi  balloons,  97. 
Measurement  of    h.p.  of  motor, 
402. 

of  resiatance  of  ait,  36G. 
Mechanical  units,  394. 
Ueenrein'a  flying  apparataa,  278. 
Mercnrj  barometer,  redaction  to 

&  C,  470. 
Hetala.  tensile  streuj^ha,  105. 
Meteorological     observations     in 

bdToons,  78. 
Meteorologr,  40. 

standard  wocki  on,  76. 
Heusnier'a  air-ship,  319. 
Military  air-ahipa,  26i. 

applications  of  ballooni,  261. 

ballooDiDg,  216. 
Missiles  from  balloona,  267. ' 
MantgolSera,  141. 
UontgDmsry'a  gliding  machinea, 
309. 


Natiqition,  aeronaatical,  359. 

Neta  for  balloona,  114. 

Nikel  kite,  156. 

Normal  height  of  *  baUoon,  169, 


Obbkrvatioms  in  balloon  ascents, 

83. 
Oil-ennnes,  417. 
Optical  phenomena  74. 
Organisation  of  military  balloon- 

ing.  217. 

Papbu  balloons,  140. 
Tarachutea,  161. 
Paiachute-balloon,  137. 
Paris,  balloons   escaping  dnring 
siege,  234. 
.  PBrtfeval's  sir-abip,  333,  485. 
Photrarsphlc  formula,  486. 

surveying,  202. 
Fbotograpby  from  balloons,  194. 
Filchcr'a  eipeiiments,  296. 
Pilot  balloons,  141,  261. 
Pitch  of  screw,  424. 

IS,  eonBtmctlon  of.  212. 
tion  of  balloon,  d( 


Postal  inlbrmation,  488. 
Power  eipended  in  flying,  274. 
Preparation  of  hydrogen,  12, 

of  water-gaa,  23. 
Pressure  of  atmosphere,  44. 

in  hilloon.  101,  476. 
Prolonged  voyi^^g  in  balloons, 

178. 
PropelleiB,  340,  421. 
Propulsion,  426. 
Psych  rometer,  30. 

Radiation  of  son,  41. 


»in's  cubical  Montgolfier, 


Registering  balloons,  138. 


f.ooglc 


RanaTd     and     Kreb'i 


Rittar  Ton  LoeMl'i  Uws,  ; 
Kobarta'  airship,  818. 
Ropes,  strength  of,  103. 
Eoie's  aii^ahip,  334. 
B02»r«B,  142. 
Bobber  ballooDS,  136. 


SAinnB-T>mt(mi'6  air-ahip,  333. 
Schwartx'a  air-ehip,  329. 
ScientiHc  bslloon  aacenta,  78, 
Scraw  -  profiellera,    eiparimental 


Severo's  air-ahip,  384. 
Shape  of  air-ships,  343. 

of  balloona,  91. 
Siege  of  Paria,  ballooning  in  con- 

oection  with,  23^ 
Simultaneoua  balloon  aacenta,  7S. 
Sli|i,  428. 


Sources  of  warmth  Id  atmosphere. 


fie  Elavil 
ricttl  com 


a,  457. 


Sport,  balloon,  190, 

Sqnare  roota,  465. 

Stability  of  air-ahipa,  351. 

Steam,  409. 

Steam  enginea,  404. 

Steerini  arraDgements,  129,  355. 

Strengths  of   balloon  envelopea, 

100,  478. 
String  of  kites,  147. 
Sonrise  anil  sanaet,  times  of,  462. 
Suapeneion  of  cars,  114.  132. 


Tearing  anangements  for  boUoona, 

118. 
Temperature  of  air,  47. 
of  gas  in  balloon,  183. 
Tension  of  aqueons  raponr,  6,  481 . 
Testing  material  of  envelope,  101. 
Thunderetorma,  73. 
Tat  of  air-sbip,  363. 
Time  diflerences  between  vuions 

towns,  47B. 
Times  of  snoriae  aad  snnaet,  182. 
Trail  ropes,  133. 
Travelling  by  air-ahip,  356. 
Tnrbinee,  404. 
Twilight,  75. 
Typea  of  dynamioal  aii-ehipa,  37B. 


Velocity  of  air-ships,  341,  856. 

Watbr-skchoim,  126. 

Water-gas.  23. 

Weather- forecasting,  63. 

Weights  of  envelopes,  100. 

Weuham's  flying  appatatna,  2S3. 

Winches,  161. 

Winch  wa^one,  219,  228,  34B. 


illooning,177. 


!  macS'i 


Woelfert'a  air-ahip,  339 
Woirs  air-ahip,  SIS. 
Wright's  flying  machini 


AUGIST  RIEDINGER 

BALLONFABRIK.  AlJGSBURG,e.M.B.H. 


11'  Ss. 


BALLOONS 

For  Military  and  Scicnrific  Purposes  and  for  all 
forms  of  Aerial  Sport.  Complete  Airsiiip  Equip- 
ments for  land  and  sea.  Hydrogen  Producers  and 
Compression  Pumps,    Transportable  Gas-Plants. 

■    32    ,;lc 


W.  H.  KUHL 

82  Kdnis:grMtzer  5tr., 

BERLIN.  5.W. 


Largest  Stock  of 

TECHNICAL 


Especially 


AERONAUTICAL 
PUBLICATIONS 

Old  and  New  Books, 
Periodicals,  etc. 


CATALOGUES : 
Aeronautische  Bibllographle 

Part    I. — 1670-1895.     Price  as. 
Part  IL— 1895-1902.     Price  6d. 

Zeitschrift  des  Deutschen  Vereins  (.' 
Forderung  der  Luftschlffahrt 

Years  IV.  1885  to  X.  1891. 
Published  Price  of  each  Vol. ,  1  at. 
Reduied  Price,  each  Vol ,  8s. 


C.G.$pencer&$oii$ 

BALLOON   MANUPACTUHERS, 

56a  Highbury  Grove,  LONDON,  N. 


TeLepboDC  1S93  Dais 


BALLOONS. 


PasHngera.  ¥tia. 

1  ...  £80 

2  ...  £100 

3  ■■  *ia5 

4  ...  £150 

5  -  £i7S 

6  ...  £300 

7  ...  £335 
S   ...  £350 

ASCENTS  may  be  made  at  any  time  with  Balloons  pur- 
chased from  us  fiom  various  Etations  in  the  North, 
Easi,  South  and  West  of  London,  where  Coal  Gas 
mains  are  available. 


SPECIAL  QUOTATIONS  for  Flylne  Machines, 
Atrships,    Hot    Air    Balloons,    Parachutes, 

Captive   Advertisln;   Balloons,   Gold-Beaiers' 

Skin     Balloons     and     Figures,    Paper     Montgolliei 

Balloons,  and  India  Rubber  Toy  Balloons. 


Aeronautical  Displays 


For  Fetes,  Oalas,  Qarden  Parties,  etc., 

or  Private  Balloon  Ascents 


SPENCER  BROS.,  Ltd. 

AERONAUTS  la  tbt  Ciratai  Pallet, 

45B  Aberdeen  Park,  Highbury,  LONDON,  N. 

Terou  upoQ  ippLidiion  fw  Bslloon  AscMU.  Pifichule  DeacenB,  Aii 
■hip  Fligbli,  Caplivt  Balloocu,  and  Diiplayt  of  Pilol  and  Figure  Ballooni 


A.  E.  GAUDRON 

Aeronaut  &  Balloon  Manufacturer 


Gold  Medal,  Aero  Club  Exhibitio 


Balloons  of  every  description 

Ib  Silk,  Cambric,  Qoldbeater  Skin,  Qutta  Percha,  etc. 

Constructor  and  Aeronaut  of  the  Barton 
Airship  Balloon 


CONSTRUCTION  OP  AEROPLANES  TO  ORDER 

Every  assistance  rendered  to  Experimenters  in  "  Heavier 

than  Air"  Inventions. 

Light  Motors  supplied.       Large  Worbs  and  Grounds 

tor  Experiments  at  disposal. 

BALLOON  ASCENTS  AUKANGED  AT  SHORT  NOTICE 

in  Town  or  Country.     Seats  may  be  booked  in  advance. 

Special  Ascents  for  ScientiBc  Purposes,  Cross 
Channel  Trips,  etc. 


HYDROaeN   QAS   APPARATUS 

Advertising  Balloons  made  to  any  Shape 


Terms  and  Particulars — 

A.  E.  GAUDRON  i^S.-N-N""' 

Tala(TUiu— "aAUDRON,  LONDON." 


.Google 


.Google 


.Goojilc 


.Google 


